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CHAPTER I 
CHAHACTERISTICS OF Tr:E STUDY 
PY£PO•• or the atudz.-- A principal need in elementary 
science instruction today is understanding end insight into the 
problem of how intermediate grade children QCtually learn 
science. This need is felt b7 thoae interested in scie..11ce 
instruction and by educators in gensrel. 'l'he 1mpCJ.ct of sc1en-
t1t1c progress sa we know 1t tod•r demands that children, end 
especially children in tne elementary. gr&dea, rece1 ve sound 
teaching in both phyeical and biological science. The main 
purposes or this study were: (1) to investigate how children 
in the intermediate gradea of the elementary school learn 
science concepts &nd prlnciplea in the areas ot LJsht and 
Sound before and after a planned teacbtng program !n those 
spec1f1o areas; (2) to 1nveatl~te the level of understanding 
of these concepts and p~1no1ples before and after instruction, 
snd (3) to ~eterm1ne by meana of certain instruments whether 
socio-economic background and intelligence are related to 
learninB• 
'I'he days of 1nditte~enoe to the teaching ot selence in 
elementary school. or the dieregard of pnyeicbl science com• 
pletely have vanished. It we are to produce a citizenry 
oriented to thia aoient1t1c age, the teaching of both physical 
and biological science muet indeed begin in the kindergarten 
da:~e of our schools. 
,. 'Boston University 
,S_cho.ol of Education 
LibrarY, 
2 
Tnia atudJ purports to abow how concepts f re acquired bJ 
boys and girls ln the 1nterm.ed1ate gre.etes of' tb»ee schools, 
when they are exposed to the training ot te4lchera who have 
been participants in a science workshop program offered by 
the writer. It endeavors to in-weat1Eate perfonnanoe on 
certain instrument• before and attar instruction; to deter• 
mlne if parfonnance on these teste ia e function or the grade 
or the pupil, e function or the general soo1o-econom1c status 
ot the aohoolJ or a function or the d1fforenoes in sex. 
A purpose ot this 1nveat1gat1on W&$1 also to discover any 
1nterrelationah1pa in perfor.manoe among the various testa 
following the special training procedure. Two or the teata 
involved the claas1f1cat1on or acience models, ao there was 
an attempt to measure the geina in concepta 1n these two 
testa which involved L'mt and §19.94· Another purpose of 
this 1nveatigat1on was to d1eoover whether there were 1nd1ca-
t1ons o.f' increased 1ntereat and participation in cerry-over 
after instruction, and evidence• of the sources of science 
information which obildren uae. 
Although teaching b7 ac1enoe pr1nc1ple 1 per ae, is not 
a method usually emploJ&d 1n the elementar7 school, thare ere 
definite science pr1nc1plea reaarding &1sht and Sound which 
ere presumed to be suitable to elementary school level. wh:tch 
then, ot these prinolplee, were und.eratood by the children of 
this study before and stter 1natruct1on? 
It h&a long been the concern or tne Wl'iter, both as a 
3 
teacher end a aclence instructor, that cl£ssroom teachers often 
do not know how to attack the problf.l.'l'l ot teaching science to 
little children. This 1s a tam.111sr ignorance among those 
who instruct in ecience to the exclusion of other ~uLject 
matter, aa well as those who ere the general pre.cti t1onera 
in the a4hools ot Americaa elementary classroom teachers. 
It is because we do not know how children learn science that 
this study 11 being undertaken. 
Because ot tbe large range of age ab111t1ae e~l matura-
tion in the elementary school, it was decided that the moat 
profitable research could be uDdertaken by stud7ing the weys 
in which 1nte.rmed1ate-grede children get 1nformnt1on ln the 
phys1csl science ar .. a ot L1SJ.lt end ;aound before e.nd after a 
plenned program of experiences in these areas. \"e should 
have to know about ch1ldren'• ab1l1t1es $nd interests &E well 
as their out•ot•scbool aot1v1t1es in relation to needs for 
knowledge o'f science. Wnat 1ntlu.ences do tney contBct in the 
home, on the playground, 1n church-school, olubs, fri~mds, 
teachers, television and movlea which may influence their 
unde%"stand1ng of the bas1o principles o'f science'! Because 
the act1v1tiea of the el•~•ntarJ ecllool children ere swper-
viaed to a greater degree than perhaps those or older children, 
we know a good deal about their out-ot-school hours. 
'i'b.e Probl:!l!·-- The 1•11eat1gatorr;wa• asked to give a 
acionce workshop in tvo private elementary scho.>la. One wa• 
a girls' school end the other a boys' school.. Since there 
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had bean a meager science program in both of these schools 
which had revolved around incidental biological science, it was 
decided that the purpose of the workshop was to transmit to 
the teachers of the children in grades 4, 5 and 6, fa.cts and 
relationships in the two chosen areas of physical science: 
!I 
Ligpt and SoQnd. Robertson's principles in Light and Sound 
were chosen as the goals of instruction, although there was 
to be no direct teaching involving principles. The children 
then, were to study Light and Sound guided and directed by 
their teachers who were participants in a workshop condl'.cted 
by the writer of this study. The teachers were given mater-
ials and books and selected liata of experiments and experi• 
ences which controll·ed their teaching to some extent. The 
writer used both lecture-demonstrations and laboratory meth-
ods in conducting the workshop. 
Also, as a psrt of the major study, 37 girls and boys in 
grades 4, 5, and 6 in a public school were included in this 
investigation. The particular school situation was chosen 
because the children's socio•economic background offered a 
distinct contrast to the two private schools studied. A 
description of this school will be found in the appendix of 
this study. Each child in the intermediate grades of the 
three schools was tested and interviewed twice by the inves-
tigator: pre-inst~ction and post-instruction. The testing 
1/Mirtin L. Robertson, "Selection of Science Principles 
~uitable as Goals of Instruction in the Elementary School," 
Science EdQCation (February-April_, 193.5}, Volume 19 1 No. 4, 
PP• 6~-10. 
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consisted of a Multiple•Choioe Word Classification Test 
originated by the writer, an achievement test in Sound, and 
Object-Classification test, also built by the writer, end 
the Otis Q.u1ck-::>cor1ng Test of Mental Ability. The Object-
Classification teat was administered individually twice to 
each child, pre-teaching and post-teachin£;, as wero also the 
achievement test in Sound and the Word-Choice Test. 'l'he 
investigator administered the teste, corrected and analyzed 
the results, tape•recorded the children's responses to tbe 
Object-Classification tests end interviews, and instructed 
the teachers of the pupils for a period o:f 10 weeks in work-
shop sessions. About 6 !:lours of general science instruction 
and theory were given to the teachers before any instruction 
in the two chosen areas or Li&ht and Sound was given. The 
teachers d:i.d all of the actual teaching to the children. One 
hundred and eighteen pupils took part in this study. 
Scope.-- The investigation included all of the boys end 
girls in grades 4, 5 and 6 in the two private schools, and 
one public school end their seven teachers plus a committee 
of three secondary school teachers flffilia ted with the pri-
vate schools. This committee attended workshop sessions 
mainly for the purpose of gaining knowledge in elementary-
school science potentialities for the two schools. The 
committee also e~ted as a panel of consultants for the ele-
mentary teachers, who could call upon them for aid when the 
writer was not available during the week. 
lrb 
The public school was a~ elementary school in the suburban 
Boston area. The investigator applied the ssme procedures 
with this group. The complete stu.d;{ then, involved 110 boys 
and girls in the intermediate grades of both public and pri-
vate schools and their teachers. 
nature of the workshoE·-- The writer used boti1 l~bora­
tory techniques and lectlirs demonstration methods in conduct-
ing the workshop sessions. Tho teachers were me.de femiliar 
with the fundsmental understandings, experin~enta and experi• 
ences in the areas of Light and Sound by usa of worksheets, 
bibliographies, books, scientific equipment and materials 
and dernonstrations. Each teacher recsived tasic lists of 
experiments she wea to use in the clGssroom, and whenever the 
required books and materials were not available, the writer 
supplied the teacher or the school with the necessary equip• 
ment. 
:Procedure.-- Every child's vocabulary in the areas of 
Ltgb.tGane Sound was examined by means of s. Eultiple-Choice 
Word Classification Test constracted bJ the examiner. 
Elementary science words in the areas of Light and Sound were 
taken from seven basic elementary-science textbooks. Words 
also were taken fro.m Grades 7 through 12 physical science 
textbooks as !ill as from college advanced physics texts. 
The following criteria of Francis D. Curtis were used: 
"A word or phrase is considered to be a scientific 
term it: 
1. It is the name of a definite piece of apparatus 
used 1n courses of science or 1n scientific work, as 
Liebig condenser and A-Battery. 
2. It bas a definite scientific connotation to a 
worker trained in the field ot science to which the 
material containing the ter.a belongs; and it, also, bJ 
the way in which it is used, it is appropriate to be 
included as a term in the special branch of science 
wbieh is under investigation or consideration. Thus, 
neither matter nor gravitY, in ¥The matter of diet 
must be considered with gravity •••• • is a scientific 
term in a physiological discussion, even though the 
reader be trained physicist, familiar with these words 
as scientific terms in physics. 
3. It consists of two or more words, together 
possessing a scientific connotation which the separate 
words alone do not possess, as specific gravity, 
ferrous ammoniam sulfate, single fixed pulley, etc." 
These words constituted a word-classification stady in the 
areas of Light and Sound which were administered first to 
150 children in the public and parochial schools of the 
greater Boston area. The results of this Pilot Study may 
be found in Chapter Four of this investigation. 
1/Franeis D. Curtis, Investigations of Vocabulary in 
¥extbooks ot Science tor Seeondarr Schools, Ginn & Co., 
1938, PP• 54·55. 
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!I The Oxendine Achievement Teat in Sound was used also 
as a means of examining further the child's knowledge before 
instruction occurred. After tbe two aforementioned tests had 
been given, each child was interviewed individually by the 
investigator for the purpose of determining the knowledges 
and understandings already acquired before the teaching in the 
two areas had began. As part of this first interview, each 
child was also given tbe Object-Classification Test, construct-
ed by the writer. The test consisted of paired items,- in the 
areas of Light and Sound. The child was asked to place the 
items in pairs. This examined his abilit,- 'Go classi.fy 
scientific objects, and answer questions relative to tbl 
reasons tor bis particular classitications. The answers were 
analyzed tor both correct classification and science content. 
This interview and testing was tape-recorded and was repeated 
at the end of the teaching periods. The teaching periods 
varied necessarily since the teachers were instructed to 
teach units in Sound and Light until they felt that a satura-
tion period bad arrived. Because of this there was a slight 
difference 1n the amount ot teaching time involved in the 
three schools. 
Justification.-- To the knowledge ot the writer there 
have been no studies in investigating the ways in which a 
!/ Herbert Oxendine, The Grade Placement of the Physical 
Science Principle: "Sound Is Produced by Vibrating Material 
in Relation to Mental Ages," Unpublished Doctoral Disserta-
tion, Boston University, 19$3. 
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child obtains science in£or.mation. This study differs from 
most investigations of this nature in that a single experi-
menter conducted the individual interviews on which findings 
were based. The study of Light and Sound was exhaustive, and 
terminated when the teachers felt that a point of saturation 
had been reached in the two areas and that further teaching 
11 
would have been forced and unnatural. Studies by Hill, y J/ 
West, and Haupt, have shown that information relative to 
the way children learn science may be revealed during inter-
views, and that children tend to marshal many facts and to 
speculate before theydraw conclusions. 
This is the first t~e to the knowledge of the writer 
that a study o£ the maximum richness in a science area has 
been andertaken. It indicated the amount of accidental and 
incidental learning which takes place outside of the class-
room. It may have been a good measure of teaching effective-
ness. 
!/Katherine E. Hill, Children's Contributions in Science 
Discussions, Teachers College, Colwabia University, 
Contributions to Education, No. 931, Bureau of Publications, 
Teachers College, Columbia University, New York, 1947. 
g/Joe Young West, A Technique tor AJDraisi~ Certain 
Observable Behavior ot Childrem 1n ~ience 1n ElementarJ 
SChools, Contributions to Education, No. 728, Bureau of 
Publications, Teachers College, Colambia University, New 
York, 1937• 
3/George w. Haupt, An Experimental Ap~lication of a 
Yhilosophy of Science Teaching in an lementarx School, 
Teachers College, Columbia University, Contributions to 
Education, No. 633, Bureau of Publications, 1935· 
It is possible that the test resQlts of this study may 
indicate to futQre investigators a method for identifying 
the child who has SQperior science talent. The Object-
Classification Test may call attention to possible problem-
solving activities, as well as provide information in regard 
to concept fonning 1n children. It is hoped that the 
results of the stQdy may indicate, too, that the science 
principles for the elementary school may be enlarged or 
enriched it optimum teachiq is going on • 
.v The research of West has shown that we expect too 
little of children in their ability to think tor tha.selves, 
and in their ability to identity everJday lite principles 
they see in action with what they have learned in the 
classroom. 
The teachers involved in this study were gratefQl tor 
the help given them in the workshop sessions, and for the 
materials and books provided tor the experiment. y 
According to Stefaniak who bas written on the need 
tor in-service-education tor teachers: 
"Educators aaphasize the need for pre-service and 
in-service education for teachers in the elementary 
school who teach science in the classroom. Literat~e 
on tbe SQbject indicates that the elementary teachers 
1/Joe Young lest, "Do We Expect too much or too little of 
Children from their Experiences in Science? 1 " Science 
Ed11eation (October 1949), 33:296-298. · 
g/Edward w. Stefaniak, A Stud1 of the Effectiveness ot Two 
Methods of Teaching Science in Grades Four, Five and Bix, 
Unpublished Doctoral Dissertation, Boston University, 1955. 
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lack background in this area, and this results in a 
consequent lack of acceptable science teaching in the 
elementary schools. There is a feeling that teachers 
need courses which will (l) teach them to use apparatus; 
(2) give them an opportunity to manipulate it; (3) in-
still in them confidence to teach science and demonstrate 
experiments; (4) create an interest and an enthusiasm 
which will inspire them to teach science; (5) acquaint 
them with sources of easily available material and 
experiments suitable for school use; (6) acquaint them 
with the scientific method and how to teach it to 
pupils." 
Many elementary school teachers let opportunities for 
teaching science slip by unnoticed because of their lack of y 
background in the subject. KiDder and McCluakJ state that 
at the elementary level, science ought to be kept very simple, 
and that one of the main purposes of elementary science is to 
help children explore and discover for themselves. However, 
the writer realizes that many interesting and important 
science experiences never come up if chance is relied on com-
pletely. Because of this, tbe most effective science programs 
in the elementary schools will include planned experiences, 
units of study, and experiences that arise 1n the day-to-day 
living that goes on in the classroom. Perhaps the most 
important point to consider is that the teaching plan be kept 
flexible. y 
In the Report of the Harvard Committee in 1948 there 
l/J. Kinder and F. Dean McCluakJ, The Aulio-Visual Reader, 
William c. Brown Company, Dubuque, Iowa, 1954• 
g/.General Ed~ation in a Free Societ Re ort of the Harvard 
C!!!i*•••, Harvard University Press, Cambridge, Mass., 19 • 
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is a recommendation that education in science begin early 1n 
the primary grades, and a suggestion given that the work of 
the secondary school would be made more substantial it it 
built on a foundation which bas been carefully designed and 
carried out in the lower grades. It should avoid repeating 
what the student has previously covered, unless these mater-
ials are such tbat review is likely to be of greater value 
than something new. 
The writer feels that it one expects children to learn 
science, then the subject must be definitely taught, although 
it is obvious that not all of science can be taught in the 
elementary school. The primary purpose of science for younger 
boys and girls is like that of other subjects: that ot aaa1a•-
ing boys and girls to became educated lay.men. 
Science is more than just a body of knowledge, tor it 
has developed concepts the effects of which are not limited 
to the field of science itself. The breadth of view of the 
individual and his attitude towards the problems he faces 
every day are often cha~ed when he understands certain 
scientific generalizations. So it is that the child will 
not discover many of the scientific truths by himself. 
Isolated observations cannot be relied upon any more than 
isolated teaching of these facts for the development of 
dependable understandings. We certainly do not wish to 
depend upon an occasional myth or same questionable folklore 
to edacate oar children in this scientific age. 
In the past, and even in this day, lack of prearranged 
organization and the prevalence of the "incidental" type of 
teaching science have anqaestionably interfered with the 
successful teaching of science in the elementary schools. 
A definite course of study need not infringe upon the 
children's natural science interests, or upon the use of 
incidental material or on the pursuance of activities. 
Neither do activities that integrate one or more subjects 
need to interfere with a functional program in science. y 
The Thirty-First Yearbook writers as well as the Forty-Y . 
Sixth Yearbook writers believe that it is desirable that 
some of the activities 1n the elementary school be science 
activities, and that teachers might find it profitable to 
have some science projects that do not ramify into other 
fields. 
ll 
The purpose of this study is to show to future investi-
gators a method which may provi4e clues for further research. 
The Multiple-Choice Word Classification Test may offer 
a means of obtaining a measure of gain 1n the areas of Sound 
and Liggt before and after instruction has taken place. 
1/Natlonal Society for the Stady of Education, A Program for 
Yeachiag Science, Thirty-first Yearbook, 1932, Part I, 
University of Chicago Press, Chicago, Illinois. 
~Ibid., Science Education 1n American Schools, Forty-sixth 
Yearbook, 1947, Part I, University of Chlcago,Press, Chicago, 
Illinois. 
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The Object-Classification Test may provide a point ot 
departure tor a study ot how children generalize and at wbat 
ages they are able to make analogies most effectively. 
The intor.mation obtained from the two interviews may 
provide additional information in the ways children learn 
science. 
Children differ from each other, but the infor.mation 
procured in this study may provide at least a point of com-
parison with other children who may also be atadied in a 
similar way. 
CHAPTER II 
SURVEY OF RELATBD LITERATURE 
Pre-instruction ideas of children concerning science.--
There is extrame variation among children's pre-conceived 
science concepts, and any attempts to measure the variabili-
ties will necessarily include informal discussions in science 
areas previous to any .formal teaching in the subjects to be 
studied. In this study, the writer realized that there would 
be some new elements or learning or statements at hand which 
would be used in organizing the instruction in the two 
science areas ot Sound and Lisht, yet it was thought that 
before instruction began it woa1d be ot value to know some 
11 
ot the ideas children held concerning these .fields. Ha"pt 
revealed in his experimental study of a science-philosophy 
in elementary school, that school children o.f grades one 
through six have some background ot knowledge and experience 
relative to Light. This background concerned not only 
electricity, light, mechanical motions, radio-activity, 
chemical action and heat as manifestations ot energy, but 
also the heavenly bodies, phototropisms and adaptations or 
-1.3-
life to light, the relation of light to health, and the nature, 
manifestations and properties of light. y 
How children acquire science concepts.-- Jean Piaget 
bas published a namber of studies in which be uses what be 
calls the "clinical method" of recording the reasoning, 
judgment and concepts of children. His methods are based on 
the spontaneous speech of children, interviews with tham, 
and their explanation of phenomena which have been damon-
strated to them. Piaget continual!~ emphasizes that the 
child's thinking is essentiall~ different from the thinking 
ot the adult. In regard to children's reasoning, he sa~s: 
"In snort, the fertili~ of reasoning is due to 
our unlimited capacity for constructing new relations, 
two given relations being always sufficient to find a 
third by multiplication and so on. The logic of 
classes is a snap-shot of theses constructions; for 
each relation bas its own 1domain,' and it enables us 
to pass at any moment from the point of view of rela-
tion to that of class and inference. The most ordinary 
ot everyday reasoning processes is that of dealing with 
relations; the s~llogism or entbJmeme consists only in 
the application of the results obtained. All this is 
current knowledge today." y 
Vinacke, in writing at children's thinking, says: 
"Children's concepts change with increasing age, 
but more in the to~ of a gradual progression than of 
definite stages. The chanse does not occur at the 
same rate for all children. Indeed, some may never 
achieve the more advanced kinds of explanations at 
!/Jean Piaget, Ju~nt and Reasoning in the Child, 
Harcourt, Brace an Company, London, 1928, P• 196. 
~Edgar w. Vinacke, The PsJchologJ of Thinking, McGraw-Hill 
Company, Inc., New York, 1952, P• 116. 
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all, since even adults may display concepts similar to 
those of children. Further, no child at a particular 
age gives consistent responses of one type or another 
but instead may give many different types of responses, 
depending upon the situation." 
In regard to the ways in which new concepts are envolved y 
in science, Conant states: 
"New concepts may result from systematic experi-
ments or observations. Bew concepts may result from 
a consideration of difficulties inherent in an old 
concept, the conflict between the conceptual scheme 
and certain stubborn facta. New facts may result 
fram accidental discoveries which are followed up. 
New concepts may evolve through a series of successive 
approx~ations from older ones, the modification never 
being so drastic as to constitute a complete jettison-
ing of the older idea. A. new concept may be revola.-
tionary and after its formation a host of old facts 
may be fitted into the new scheme and many new facts 
discovered." y 
Vinacke believes that there are two theories of 
concept-for.mation: 
"It is probably safe to say tbat psychologists 
have assumed that intelligence and concept are 
related, although they have not yet worked out the 
relationship explicitly. There are two assumptions, 
really- that one of the variables of intelligence is 
the ability to for.m and use concepts, and that part, 
at least, of the reason that mental age increases 
during the period of growth is that the ability to 
conceptualize increases. These assumptions seem 
reasonable, and yet relatively few efforts have been 
made to verity them." 
!/James B, Conant, On Understand!~ Science, Yale University 
Press, New Haven, Connecticut, 19~, P• 161. 
g./Edgar w. Vinacke, o:p, cit,, P• 118. 
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1:1 Winters states, in regard to the diffic~lty of science 
concepts far the elementary school: 
"The range and choice of science concepts which 
are to be ta~ht, at any given grade level, should 
be those which are not too ditficult or whose meanings 
are not too remote and abstract tor the st~dents of 
the considered mental level." y 
Croxton feels that we know very little abo~t the 
growth of scientific concepts in the young child. He writes: 
~e know even less abo~t the growth in comprehen-
sion ot scientific concepts, although they have served 
as central ideas abo~t which a number of elementary 
science textbooks have been written. The importance 
ot scientific concepts in determining the outlooks of 
mankind are nnq~estioned. To what extent our science 
courses are effective in developing functional compre-
hension of concepts we do not know." 
J/ Orata writes of the enrichment of concepts: 
"Acq~iring a concept is not a merely additive 
process •••• Concepts interpenetrate, and it is by 
their interpenetration that they are made over and 
enriched in content. In other words, the abilit,Y 
to develop concepts tmplies the power to re~ake 
them from time to time, and. in this process of re-
making both the experienced environment and the 
bodily reactions are transtormed. From this stand-
po1ft&, education becomes training in thinking and 
logical organization, and not merely habit formation 
and drill; and learning is not merely analysis b~t 
involves synthesis as well." 
!/Elwood J. Winters, "The Determination of the Meanings 
whiCh St~dents of Science at Different Grade Levels Associ-
ate with Selected Scientific Concepts," Science Education 
{November, 1939), Volume 23, Namber 6, P• 335. 
2/W. c. Croxton, "What Can the Elementary School Contribute 
Tn a Continuous Science Pro~f," Science Education 
(January 1939), Volume 23, Number 1, PP• 8-9. 
J/Pedro Tamesis Orata, The Theorx ot Identical Elements, 
The Ohio State University Press, Columbus, Ohio, 1928, 
PP• 177•178. 
!I According to Croxton: 
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"The development of broad concepts and wider out• 
looks is difficult to measure. Background information 
and understanding of principles essential to the con-
cepts can be tested in part by means of new-type tests. 
The functioning of this knowledge in one's perspective 
does not necessarily result from its acquisition. It 
ought to be possible to devise tests of the concepts 
that children hold which would be valuable in appraising 
development along this line." y 
Russell makes a difference between thinking and 
intelligence: 
n •••• thinking may be distinguished from such terms 
as intelligence and learptns. Intelligence as measured 
in the typical test involves thinking abilities, 
usually of a problem-solving variety, but intelli,ence 
is a wider term than thinki~, denoting capacity or 
such work rather than the ac ual process itself. In 
contrast to learning, thinking is a process moving from 
some initiation to some conclusion or solution rather 
than the process of increasing skill or perfecting the 
execution of the solutions. Thinking takes place 
during learning but is an inter.mediate phase rather 
than a final product. Conversely, learning may affect 
the efficiency of the difterent types of thinking." 
Jl According to Russell mental development also includes 
a complex total. He says: 
"The fact that no one test can cover the whole 
ground of intellectual development is illustrated by 
the complexity of mental development itself. In a 
broader sense mental development includes the 
development of abilities in memory, attention, imag-
ination, judgment, and other aspects of the ~nd at 
1J'W. c. Croxton, Science in the Elementarz School, McGraw-
Hill Book Company Inc., New York, l937, P• 82. 
g/David Russell, Children's Thinking~ University of 
California, Berkeley, Ginn and Company, Boston, Mass., 1956, 
PP• 5-6. 
l/David H. Russell, op. cit,, P• 34. 
work. It incl~des the s~ total o£ memories. images. 
percepts, concepts, and attitudes built ~P over the 
years. not in separate compartments b~t as part of an 
operational whole. In a still broader sense it 
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incl~des general developments which m&f be described 
in vario~s ways and which Piaget (1937), for example, 
called the sensorimotor level, the egocentric-tho~ght 
level, and the rational-coordination level of thinking." 
We yet know very little regarding the tho~ght processes 
in the generalization of science principles by the elementary-
!/ 
school child. In this respect Freeman says: 
•one of the most fruit£ul fields of experimentation 
in ed~cation is the analysis of the learning process. 
Many experiments in this field have been made, and a 
variety of types of learning have been st~died. The 
types of learning which have been the subjects of 
investigation may be classified. ro~ghly. into four 
sroupa: (A) The development of a motor coordination; {B) The development of adequate perception; (C) The 
formation of associations between percept~al or 
ideational elements; (D) The analysis of a situation.• 
It is with parts C and D that this study is concerned. y 
R~ssell believes that a child's thinking is based on 
his experiences: 
"His immediate interpretations of objects and 
events in his external environment are his percepts. 
In contrast to such present data. he may also be aware 
of an image or memory of things past. A percept, an 
image. or a memory seldom exist in isolation. They 
are rather part of a large pattern of other percepts 
and sometimes of other images and memories. They may 
be grouped together beca~se the7 o£ten initiate a 
train of ideas in induction. imaginative thinking. 
and other processes. Essentially, they are the 
materials of thinking, for along with concepts. and 
sometimes with amotions, they tor.m much of the content 
o£ the mental processes." 
1/Brank Freeman, Exjerimental Education. Houghton Mifflin 
Company. Riversideress. Cambridge, Mass., 1916, P• 13. 
g/David H. Russell• op. citt• P• 96. 
y 
Navarra in recording the behavior of his young son 
reports: 
"It has been an accepted dictwn in education that 
the child learns b7 experience. This phrase has come 
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to maan many things to ed~cators, psychologists, and 
laymen. The phrasing is so comprehensive that it seems 
to cover the whole gamut of living, so that it is diffi-
cult to envisage any other way in which learning could 
taka place. Of course, the dictum is not to be disputed. 
But it is not enough to say that the child learns 
through experience I This at once covers everything and 
pinpoints nothing. For the question remains: How does 
a child learn in that senae2 That is: What is involved 
in an actual situation in which a child learns from 
experience?" 
How children learn is a complicated process and is tar 
from being understood. 
Some educators still believe that young children cannot y 
generalize. However, Haupt found in his study that the 
opposite is tr~e, and reported that the data of his study 
indicated that children generalized in all six of the grade 
levels studied. 
A concept is regarded usually as a generalization about 
related data. For ex~ple, when a child has finally learned 
to distinguish dogs from other animals, whether the dogs are 
large or small, black or white, he may apply the word dog to 
the class of ideas, and thus use a concept. As the result 
ot a number of related experiences he may draw conclusions 
!/John Gabriel Navarra, The Development of Scientific 
Concepts in a Young Child, Bureau of Publications, Teaoher• 
College, Columbia University, New York, 1955, P• 1. 
y'George w. Haupt, op. cit., PP• 1-105. 
about various phenomena, and thus use a generalization. 
Concepts and generalizations are often considered alike by y 
various writers although Russell makes the following dis-
tinction: 
"The concept •••• is usually organized as a result 
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of a group of related sensations, percepts, and images 
with a label attached to them. The label is practically 
always a verbal ST-mbol or symbols, The child's concepts 
reflect his understanding of his world. They assist him 
to classify his experiences and give meaning to them," y 
Goldstein and Scheerer report that there are degrees 
of abstract behavior: " •••• the higbest degree of abstract 
behavior is required for the conscious and volitional act of 
for.ming generalized and hierarchic concepts or ot thinking 
in terms of a principle and its subordinate cases and to 
verbalize these acts •••• " y 
John Navarra in discussing the stady of the individual 
and his concept development says: 
"All data, no matter what their source, must be 
viewed in context against a complete pattern. If they 
are not, they may convey a sense of exactness which is 
unwarranted. In most studies there is a zone of uncer-
tainty attributable to lack of familiarity with the 
subjects and thereby of information on the complete 
pattern of development. This uncertainty can be 
reduced considerably by the study of an individual, 
!/David H, Russell, op, cit,, p, 68. 
2/Kurt Goldstein and Martin Scheerer, Abstract and Concrete 
An Experimental Study with Seeeial Testa, Psychological 
Monographs, Volume 53, Number 2 (1941), P• 8, Published by 
American Psychological Association, Inc., Northwestern 
University, Evanston, Illinois, 
J/John Gabriel Navarra, op. cit,, p, 26. 
especially if there is a sincere attempt to base the 
investigation and evaluation on as a complete a back-
ground of familiarity with the individual as possible. 
There bas been increasing recognition, among those 
interested in concept for.mation of the importance of 
the study of single individuals." y 
William Preyer's work in individual child study was 
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based on the assumption that one child develops more rapidly 
than another, and that there are great differences in children 
of the same parents, but the differences are more of time and 
degree than of the order in which the steps are taken,-- the 
steps being the same in all individuals. He found many inci-
dents in the first year of his son's life to indicate that the 
child had the ability to for.m abstract ideas and generaliza-
tions. Preyer felt that his son's actions were logical in 
view of his past experiences. He puts a great deal of 
emphasis on the for.mations of concepts without language, and 
oontinually asserts that there are indications that the child 
has formulated concepts which are not in any way bound up 
with the learning of words. He felt that much concept forma-
tion takes place without the use of verbal language. 
Concepts and the science progr~.-- A good science pro-
gram provides many opportunities for the children to have a 
wide variety of concrete experiences. With the help of a 
skillful teacher, children are able to put these experiences 
!/ w. Preyer, The Mind of the Child: The Senses and the Will, 
New York, D. Appleton and Company, 196); and The Mind of the 
Child: The DeveloP@ent of the Intellect, New York, D. 
Appleton and Company, 1914. 
together into meaningful concepts. 
ll In regard to concrete experiences, Craig says: 
"Boys and girls must learn to handle and to 
experiment intelligently with the forces and materials 
of' the universe. Unintelligent tampering and careless-
ness with the forces and materials of the universe 
bring disease, ugliness, waste of' natural resources, 
unemployment, poverty, war, and widespread unhappiness. 
Children must develop a poised, well-balanced, and yet 
realistic outlook upon the modern world. They must 
learn that by working resourcefully and intelligently 
with materials, forces and patterns of' the universe 
they can create their own world. In a real sense, 
children can be provided w1 th an optimistic as well as 
objective view of the future." 
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Croxton, in reporting the science experiments in the St. 
Cloud, Minnesota elementary schools, says: 
"There is little in these experiments to indicate 
that junior high school pupils possess markedly super-
ior ability to generalize than intermediate grade 
pupils possess, the difference in scores in favor of' 
the former being little more tban might reas.onably be 
credited to added experience." 
J/ Later, in the same report, Croxton remarks on the 
movement towards broader generalizations in the elementary 
school: "Within the past few years a strong movement has 
grown to direct the science work throughout the schools 
towards comprehension of' broader generalizations together 
Gera d s. Craig, "Unfinished Business in Elementary 
cience," Teachers College Record (March 1949), Volume 50, 
Namber 6, P• 411. 
2/w. c. Croxton, "Pupils Abilit.y to Generalize," School 
Science and Mathematics (June 1936), 36:634• 
.1/.Ibid. 1 P• 628. 
with development of concomitant attitudes, skills, and 
appreciations." 
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Directing science work towards understanding of prin-
ciples which are the contributing elements tor broader 
generalization, finds support on the ground that it will give 
impetus and purpose to otherwise aimless and desultory 
science teaching even in the elementary school. 
Children in the elementary school need to be trained in 
v 
the methods of generalizing. In regard to this Croxton says: 
"Is the failure of children to generalize due 
primarily to lack of this power or tendency, or is it 
simply due to want of a sufficient experience basis 
for generalization? Relatively few studies of tbe 
ability of children to generalize have appeared an4 we 
are forced to admit that we do not have the answer to 
this question so basic to the present problem of ele-
mentary science education." 
In regard to large generalizations and their importance y 
to the el~entar,y school child, Crail says: 
"Because of the tmmaturity of the child, however, 
there is a unique need in ele~ntary school science far 
specific statements of the meanings to be developed in 
each grade and also of the broader scientific principles 
or generalizations toward a later understanding of which 
the attainment of these specific goals contributes. The 
failure to include these larger generalizations as 
larger objectives has prevented the integration of the 
work in the different grades." 
l/Ibld., P• 627. 
g/Gerald s. Craig, "Certain Techniques Used in Developing a 
Course of Study in Science tor the Horace Mann Elementary 
School," Contributions to Education (1927}, Teachers College, 
ColWDbia University, Number 276, P• 4· 
y 
Blough and Blackwood believe that it is the teacher's 
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job to help students in the elementary school to come to learn 
generalizations or meanings which they can use in interpreting 
problems in their environment. 
2 
Baker reports an extensive study to determine (a) tbe 
ability of inter.mediate grade children to interpret experiments 
in physical science correctly; (b) their ability to make gener-
alizations; (c) the differences in ability to interpret their 
generalizations and experiences; (d) sex differences in ability 
to interpret the experiments; and (e) the factors which affect 
the interpretations. He concluded that the children of both 
sexes are equally able to interpret such experiments; that the 
ability increases with mental age; and that success in inter-
preting depends upon such factors as the order of experimenta-
tion; types of apparatus used and f~iliarity with any related 
phenomena. 
Jl Bedell investigated the relationship between the ability 
to recall and the ability to inter in specific learning situa-
tions. He selected a series of science principles and devised 
1/Glenn o. Blough and Paul Blackwood, Teaching Elementarz 
Icience, u. s. Government Printing Office, Washington, D.c. (1948), P• 3• 
g/Tunis Baker, "The Ability of El~entary School Children to 
Interpret Certain Types ot Science Experiments," New York 
University (1944), Doctor's Thesis. 
J/Ralph Bedell, "The Relationship between Ability to Recall 
and Ability to Infer in Specific Learning Situations," Science 
Education (1934), 18:162. 
a series of tests based on the paragraphs. The tests were 
administered to 324 subjects whose average age was 14 years. 
One of his conclusions states: "Investigation is needed to 
deter.mine those generalized science ideas which are within 
the comprehension of students who nor.mally take the general 
science course, and to establish efficient methods of teach-
ing for understanding of generalizations in science." 
In regard to the ~es of thinking children do at differ-
ent age levels, Hacker reports: 
"With a group of sixty children aged 6-14 years, 
the author found dividing them upon the basis of 
results obtained into three groups, that those of 6-10 
years, tested in various ways concerning the certainty 
of judgments, a priori knowledge, and empiri·cal know-
ledge, depended tor certainty mainly upon affective 
support; those of 10-12 years, tested similarly, 
depended primarily upon practical-causal and teleolog-
ical support; while 1n the third group, 12-14 years of 
age, certainty was largely based upon m$thematical 
logic." 
Characterittics of children's science thinking:-- The 
writer feels that it is the elementary teacher's job to teach 
positive, constructive and scientific attitudes and methods, 
and not to allow the development of unscientific opinions and y 
disinterest in science. Paul Blackwood says in regard to 
this: 
!/H. J. Hacker, "The Child's Confidence in the Adequacy of 
his Thoughts and in Orderly Arrangement of his World," 
Psychological Abstracts (1938), Volame 12, Number 3763. 
~Paul E. Blackwood, "How Can Science Learnings Be Incorpor-
ated into the Elementary School Curriculum?," Science 
Education (April 1956), Volame 40, Namber 3 1 P• 211. 
"Science learnings can be incorporated into the 
curriculum by teachers who take into full account 
certain well known characteristics of children and how 
they learn. Children tend to be investigators; they 
~earn better when they have a part in planning the 
things to be studied and the methods to be used; they 
learn in many different ways." y 
Haupt felt that we can use conclusions which children 
make to better advantage in the classroom. He stated: 
"There is need for study of the particular and 
general conclusions which it is possible for children 
to draw relative to the various principles of science. 
When analyses of these conclusions have been made they 
may then be examined as to their relative possibilities 
as bases for new investigations by children." 
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Concept building, critical thinking, and attitude for.ma-
2 
tion are highly interrelated according to Hoban who writes 
as follows: 
"There is a structure to ideas, just as there is 
a structure to buildings, and concept building in 
children consists in structuring their ideas-- in 
relating things vertically and horizontally. It cannot 
be expected that children develop their ideas about the 
world without having ample opportunity for extended 
experiences with the objects, thing~ and situations 
about which their ideas are to be formed, or with rep-
resentations of them." 
~ Oakes concludes from his study that children can learn 
1/George w. Haupt, "The Significance of Certain Essentials of 
Accurate Thinking far Elementary Science," Science Education, 
Volwme 25. Number 6, P• 30$. 
2/Cbarles F. Hoban, Focus on Learning, American Council on 
~ducation, Washington, D. c., 1942, P• 89. 
JIM. E. Oakes, Children's Eeflanations of Natural Phenomena, 
New York Bureau of Publications, Teachers College, Columbia 
University (1947), P• 93. 
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correct explanations or many natural phenomena and most or 
tham are eager to do so. He says: 
"In general, understanding of general relationships 
increases with age among children. However, some answers 
given by individual children in kindergarten were super-
ior to those given by older children; a few or those in 
Grade 6 were below the average for kindergarten." 
!I 
In regard to children's thinking, Meyer tested 149 
children 6-9 years old, with a number of syllogisms. He was 
able to get three grades or categories or answers which dis-
closed the fact that children who had just entered school 
were found to be as aple to engage in as logical thinking as 
those who had had one year or schooling. Considerable devel-
opment in logical reasoning takes place in the second and 
third year of schooling, he discovered. y 
Hazlitt, in reviewing an article by Piaget, reports: 
"Piaget makes a complete cleavage between practical 
experience and the knowledge which comes from logical 
deduction. He admits that children know practically 
long before they can give a correct explanation or what 
they know- they can predict before they can explain." 
:J/ . 
Deutsche concluded as the result of her study that 
logical thinking increases with age. 
!/P. Meyer, "The Ability of Children to Reason Logically," 
Psychological Abstract 5 (1931), Namber 2506. 
g/V. Hazlitt, "A Review of Jean Piaget, Child's Conception 
ot Ph7sical Causality," Journal ot Genetic Psychology (1932), 
40:248. 
J/Jean M. Deutsche, The Development of Children's Concepts 
~f Causal Relationships, 1937, University of Minnesota Press. 
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Problem•solvipg.-- In the investigator's object-
classification test, the pupils .are actually engaged in 
probl8m•solving, since they must pair analogies end verbalize 
!I 
reasons for their choices. 
y' 
Bergen reviews some recent trends in the teaching of 
elementary school science, end the increasing efforts which 
teachers are making to provide problem-solving activities. 
Certain recent textbooks are stressing the problem-solving 
point of view. She reports: 
nAnJ attempt of problem-solving requ.ll'es the use 
of at least one source of information. In cases where 
the facts tor the solution of the problem are already 
known by the child, the use of a source must have taken 
place at some time in the past. The facts ere then 
subjected to certain processes of thinking or reasoning 
until some conclusion is reached. Often the process of 
reasoning leads to the need tor additional facts ~nd 
some reasoning connected with the use and selection ot 
the source of information." 
J/ Mack speaks ot problem-solving as part of the 
scientific method: 
"Without entering into thorough discussion ot 
aims, objectives, purposes and disciplines, we can 
promise that one of the prime aims of all science 
teaching is student acquisition of precision end 
accuracy. It this ia granted, and this aim is kept 
in mind, there will be developed in the student 
habits and .attitudes classed as scientific, e.~., 
(1) adequate observation and experimentation; (2) 
1/!nalogue and analogy have been used interchangeably in 
this study. 
2/Catherine Bergen, "Some Sources of Children's Science 
Tntormation," Contributions to Education (1943), Teachers 
College, Columbia university, Number 881, p. 1. 
J/Joseph A. Mack, "Desirable Qualities in Demonstration 
Apparatus,n School Science and Mathematics (January 1950), 
50:20. 
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the formulation of hypotheses or genera1izations only 
in so far as the experimental data warrants; (3) testing 
of the hypothesis; and (4) suspending of judgment till 
validating evidence is produced." 
ll Read speaks of the child's reasoning ability in broad 
terms: 
"Reasoning ability, the ability to group facts into 
categories, areas, or concepts having meaning; resource-
fulness in using realia or approximations of relia; all 
seam to the writer to be sufficiently closely related to 
be considered educationally allied. To call them, as a 
group, problem-solving activities and to consider 
problem-solving the major activity of science education 
seams defensible." 
?:/ Fletcher G. Watson in a paper read at the National 
Science Teachers' Association Convention in Washington, D. c. 
on March 15, 1956, reported on different aspects of problem-
solving. In speaking of Piaget, and the current studies 
being evolved, he said: 
"Piaget bas been attempting to find whether there 
is some pattern of maturation in the thought processes, 
or reasoning, of the developing child. He concludes 
that there is. Other investigators plus common obser-
vation confirms this in general but there bas been 
disagreement about the detail, the nature of the changes, 
and importance of prior experiences •••• Before any of 
his conclusions could be accepted for application in 
our schools, they would need to be calibrated with our 
children who live in a TV, comic book, and box-top 
culture." 
~letcher G. Watson (Harvard Graduate School of Education, 
Teaching Science for Problem-Solving," a speech delivered to 
the convention of the National Science Association, 
Washington, D. c., March 15, 1956. 
!I 
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Peterson conducted a study to determine the ability of 
children for problem-solving. First a demonstration was per-
formed to illustrate the particular problem under consideration 
and then the children were given a problem similar in nature to 
be solved on paper. The pupils involved constituted 577 
Chicago school children in grades 5-12. He concluded: 
"The capacity to solve problems involving a general 
principle may be measured with considerable reliability, 
indicating we are measuring a variable in which chance 
plays only a small part in deter.mining the score of the 
pupil. There is no relation between age and the ability 
to solve problems involving a general principle when 
grade in school is held constant." 
The writer ~eels that the Object-Classification Test pro-
vides many opportunities for problem-solving while preserving 
the curiosity and interests of the children. y 
Blough says of problem-solving: 
"One way in which science experiments ought to 
change pupils is to make them better problem-solvers. 
A sixth-grader ought to be a better problem-solver 
than a third-grader because of his science experiences." 
J/ 
In the same vein, Postman states: 
"In an experimental situation, a subject may either 
be given a series of items and required to learn them or 
he may have the task of discovering which ones of many 
YGeorge M. Peterson, ''An Empirical Study of the Ability to 
Generalize," Journal of General Psycholog1 {January 1932), 
Volume 6, Number 1, PP• llJ-114. 
g/Glenn Blough and Marjorie Campbell, Making and Using 
Classroom Science Material in the Elementar School, DrJden, 
Press, New York, 19 , PP• •7• 
J/Leo Postman and James Eagan, erimental Ps cholo 
Introduction, Harper and Brothers, New York, 
possible responses are correct. In rote-learning, all 
responses are indicated, and it is the individual's 
goal to reproduce them as faithfully as he can. 
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In problem-solving, on the other hand, the subject 
mus~ discover and fixate the correct response as well 
as eliminate the erroneous ones. Usually the problem 
is not solved without a certain ~ount of trial and 
error. Much of this trial and error consists of verbal 
responses which may either be given overtly, or their 
presence may be inferred trom the behavior of the sub-
ject. Certainly verbal processes pl'y an important 
role in human problem-solving." y 
McCarthy interviewed and tested individually over 60 
pupils in the kindergarten and first four grades of a public 
school in Boston, Massachusetts. The study was baaed on the 
pupil's perfor.mance of three experiments selected to show the 
scientific concept of work. The children of the second grade 
were interviewed first in regard to the problem of determin-
ing at what age level these three experiments could be pre-
sented so that the majority of children would be able to 
understand the underlying concept. Small groups from kinder-
garten, grades one, three and four were included for purposes 
of comparison ot their perfor.mance with those children in the 
second grade. The interviews were held over a period of five 
months and the responses of the children were preserved on a 
magnetic tape-recorder for later consideration. Data obtained 
were evaluated in ter.ms of three criteria: 
!/Francis Wadsworth McCarthy, "Age Placement of Selected 
Science Subject Matter," Unpublished Doctoral Dissertation, 
June 1951, Harvard Graduate School of Education, Cambridge, 
Massachusetts. 
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1. -what proportion of the pupils demonstrate satis-
factorily an understanding of the concept illustrated 
by the three experiments? 
2. How much time is required for the child to acquire 
this understanding? 
3• Are there significant differences among children in 
regard to achievement it factors of chronological 
age or mental age are considered?" 
He concluded that the three experiments were suitable for 
use with children in the elementary school and that if children 
have characteristics of chronological and mental age which are 
similar to the children of this study, the experiments can 
probably be introduced at the second grade level. He consid-
ered the previous science training and experiences of the 
children highly important in the evidence of their ability to 
perform the experiments successfully. He noticed also that 
many times a child had difficulty in expressing clearly his 
understanding of the concepts in words, but could perform the 
experiment in a manner which indicated he had mastered the 
concept. y 
Burton credits the sciences with the refinement of 
the problem-situation test: 
"A problem-situation test, briefly, sets a situa-
tion before the student and asks that he figure his way 
out. The situation is described in differing degrees 
of detail, varying amounts of information are supplied, 
definite questions may or may not be asked. The 
!/William H. Burton, The Guidance of Learning Activities TA s~ary of the Principles of Teaching as Based upon the 
Principles of Learning), D. Appleton-Century Company, New 
York, 1944, P• 429. 
situation is a new one, the answer to which has not 
previously been studied. The analysis of unknowns in 
advanced chemistry examinations is an illustration of 
this technique which has been in use for a long time. 
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The physical and biological sciences have been developing 
the procedure and more recently it has appeared in the 
social sciences. It is one of the most effective devices 
for deriving evidence concerning degree of understanding, 
facility in certain mental skills, use of principles. 
These tests, more specifically, measure first and in 
general the ability to apply scientific principles and 
canons of logic to new situations. They may measure 
second and more minutely any one factor or combination of 
factors; the ability to draw a correct hypothesis from 
the data given, to reconstruct the hypothesis in the 
light of further data, to verify the hypotheses, to sus-
pend judgment, to detect contradictions in arguments, to 
classify data properly, to interpret data closely and to 
avoid injecting extraneous considerations." 
Problem-solving is the most clearly directed of all 
thinking, since the organism is conscious of a certain problem 
which he is to solve. 
!I Russell lists possible stages or events in this process: 
1. "The child's environment stimulates mental 
activity. His physical condition, his affective state, 
the objects or persons of hia environment, or combina-
tions of these create tension and initiate action. 
Sense perceptions and memory are often the initial atage 
in thinking. Popularly speaking, the child 'has some-
thing in mind.• This state of tension merges quickly 
into an adjusting process for the next stage. 
2. The orientation or initial direction of the 
thinking Is established. Because of the nature of the 
tension or problem--the concepts understood by the child, 
his interests, his emotional state, his thinking habits, 
his biases, and other characteristics acquired earlier--
the child begins to think in one way and neglects other 
directions. Piaget (1926), for example, would stress 
the egocentric direction of the thinking of any child 
under seven years. In this orientation, the organism 
1/David H. Russell, op. cit., PP• 15-16. 
selects certain items from the total environment and 
rejects others. 
3• The search for related materials takes Elace. 
This may involve little active search in perception or 
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in simple association, but may range to active weeks or 
months of activity in finding solutions to important 
problems. This is the elaborative function in thinking--
searching one's memory for similar occasions, imitating 
a peer or adult, reading about the topic, diao~aaing the 
matter, organizing what appear to be related details, and 
using one's past experience as a guide for present 
decisions. 
4• There is a patterning of various ideas into 
some hypothesis or tentative conclusion. As the 
materials are discovered, some manipulating, eliminating, 
organizing, and restructuring takes place. Certain 
relationships are perceived and a number of details, per-
haps unrelated previously, resolve themselves into a 
possible solution or conclusion. The experience has been 
described in various ways, such as Spear.man's education 
of relations and of correlates, Maier's synthesis of 
isolated experiences, and the Gestalt principle of 
closure and recentering of materials. Wallas (1945) 
speaks of a stage of illwmination. Varying amounts of 
insight as a mode of perceiving may be present. 
5. The deliberative, or critical, part of the 
thinking process is developed. In this process the 
tentative conclusions of the previous step are analyzed, 
explored, and accepted or rejected. At this stage judgment of the hypothesis is paramount and selection 
of one or more of the alternatives devised above takes 
place. Perceptual and associative thinking ordinarily 
do not extend to this stage. In inductive thinking 
leading to concept formation, the critical thinking may 
involve selection of the concept or conclusion which 
best fits a given situation, such as one meaning of a 
word rather than another. In creative thinking, it 
may mean rejection of certain phrases for a poem or 
designs far a fabric in favor of another phrase or 
design. In problem-solving it means the rejection of 
a number of ways of ameliorating the problem-conditions 
in favor of the one method of solution which seems most 
promising. The deliberative function is, accordingly, 
a part of the so-called higher mental processes or of 
high-level critical thinking. 
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6. The concluding stage or the thinking process 
takes place when the byPothesis selected above is sub-jected to the test or use. This stage is what Wallas 
called verirication. It may involve inductive thinking 
in checking examples or a generalization, or actual 
trial or the hypothesis selected above in concrete situ-
ations. In conceptual thinking, ror example, the young 
child may check on a map his incomplete generalization 
that •an island is a body or land which has water part 
way around it.• In problem solving and creating think-
ing the chosen object or movement, the evolved relation-
ship between ideas, or the selected way or making the 
situation less problematic is tried out. As a result or 
the trial, the solution may be accepted as right, or 
true, or rurther modirication o£ the conclusion may take 
place." y 
Blough and Huggett report a recent trend in elementary 
school science towards more problem-solving activities. They 
say: "Science experiences are being built around the solving 
or problems which are signiricant to pupils rather than on 
the answering or unimportant questions that stress the recall 
or anrelated scientiric racts.• y 
Beauchamp believes that if true problem-solving is to 
be accomplished in elementary science, the pupil must be able 
to use or interpret the problem in view of othe~ situations 
involving similar situations. He advocated three steps in 
the teaching pattern: 
1. "Raising problems through questions concerning 
experiences which pupils have had. 
1/Glenn Bough and Albert Huggett, Elementary School Science 
and How to Teach It, The Dryden Press, New York, 19Sl, P• 8. 
2/wilbur L. Beauchamp, "Teaching a Generalization of Science," 
Science Education (January 1939), Volume 23, Number 1, P• 10. 
2. Presenting the idea or principle which will solve 
these problems. 
3. Providing practise for the pupils in usin§ the 
ideas to explain other common happenings. 
The maturation of the child must always be considered y 
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carefully. Hildreth believes, that if a child is presented 
with a problem which is beyond his maturity level, he will 
reduce or simplifY the problem to his own realm of understand-
ing, which may easily lead to misconceptions and make learning 
more difficult when the proper maturation level is finally 
achieved. y 
Piaget tried to assign stages to the child's thought 
development. Through interviews with the children, questions 
were asked relating to the child's ideas of the causes of 
natural phenomena. The responses were then placed in certain 
categories developed by Piaget. The implication was that the 
child passed from one stage to another only when he had 
reached the proper maturity stage. This method has been 
criticized and the conclusions challenged because of the sub-
jective nature of the interpretation of the responses of the 
children. 
At a more mature stage, the child may become interested 
1/Gertrude Hildreth, "The Difficulty Reduction Tendency in 
Perception and Prob1am-So1ving," The Journal of Ed. Psy. 
(April 1941), 32:305. 
£/Jean Piaget, The Child's Conception of the World, Harcourt, 
Brace and Company, New York, 1929. 
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in the concepts ot scientitic~ethod itself, and will question 
the differences between opinions and experimental proof and y 
theory and fact. A study by Oakes found that children tend 
to give physical interpretations of phenomena and that "•••• 
they can learn ~he correct explanations of many natural 
phenomena." There were no evidences of the methods ased by 
various age-groups to formulate explanations of scientific 
phenomena. 
The Interview Metgod.-- Interviews and questionnaires 
constitute the m$jority of experimental studies of children's 
knowledge of concepts. There exists today a need for a wider 
variety of situational tests and observation of behaviors in 
studying knowleg,e ot how children learn science concepts. 
Of this, Martin says: 
"The true test of any course in science is the 
extent to which the understandings developed by the 
learning experience of the cocrse are able to bring 
about pennanent and desirable modifications in the 
behavior of those who study it. The basic under-
staniAngs •••• in science in terms of which behavior can 
be modified, are to be found in the important general-
izations and principles of science.• 
Breadth and depth in concepts are developed by children 
only after much first-bend and vicarious experience. The 
problem of verbalization without true understanding is 
!/M. E. Oakes, op. cit., P• 93. 
g/William E. Martin, "A Chronological Survey of Research 
Studies on Principles as Objectives of Instruction in 
Science,• Science Education (February 1945), 29:45. 
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constant. Concepts are incomplete until the school, community, 
the home and the world can provide these necessary experiences 
which are so important in verif7ing the validity of generaliz-
ations. Our modern culture continues the enrichment of 
concepts into adult life. 
In searching for a means to discover how children learn 
scientific concepts, the writer used the interview technique. 
This gave promise of securing a more adequate picture of the 
natural means of expression of children. 
It is not claimed that the interview is distinctive, but 
it is believed that it does possess a combination of features 
that are worthy of examination in relationship to the study 
of the development of scientific maturity in elementary school 
children. The following features are reasons why the writer 
chose this particular technique: (1) the interview was 
entirely oral in response and administration, and thus the 
reading handicap was el~inated; (2) the interview was con-
ducted upon a completely individual basis with a per.missive 
method being employed by the investigator; (3) actual 
materials, models of scientific equipment, were used, so that 
manipulation was possible; (4) the spirit of participation in 
the Object-Classification Test was high due to the "game" 
element; (5) even when a language-difficulty existed, the 
perfo~ance reactions were amenable to judging; (6) there was 
little deviation, if any (from pupil to pupil), from the 
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schedule and method in conducting the individual-interview; 
clarifying questions were not asked by the investigator 
unless they were provided in the test-schedule; (8) the ques-
tions were asked in such a manner that they elicited free 
responses in most cases from the children. 
In regard to the interview method of investigating the 
!I 
child's concepts, Piaget states: 
"The good experimenter •••• must let the child talk 
freely, without ever checking or side-tracking his 
utterance, and at the same ttme he (the investigator) 
must constantly be alert for sa.mething definite, at 
every moment he must have some working hypothesis, 
same theory, true or false, which he is seeking to check." 
Piaget bas published a number of studies in which he has 
characterized the reasoning, judgment and concepts of children. 
His records have been collected by what he ter.ms the clinical 
method. He bas used a number of methods of observation and 
questioning. Sometimes his observations are based on spontan-
eous speech and conversations informally with the children, 
with interviews with children and children's explanations of 
phenomena which they have had demonstrated to them. 
The two limitations to the individual interview study-
method, the investigator feels, are lack of enough interviews y 
and the element of time. In this respect, Craig says: "A 
l7Jean Piaget, op. cit., P• 9. 
g/Gerald s. Craig, op, cit., P• 4• 
disadvantage which has yet to be overcome is that securing 
enough observations takes a good deal of time. Obviously 
this limits the use of the technique." 
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For the purpose of gaining insight into the development 
of concepts in the minds of children, the personal interview y 
is considered the best way according to Meltzer who says: 
"By it and by no other method the specific meanings 
children associate with the concepts can be deter.mined. 
The results can readily be interpreted and are, there-
fore, manifoldly more meaningful than those obtained by 
any of the other methods." y 
Erickson speaks of "listening creatively" during the 
interview: He suggests: 
"It is particularly important that the student be 
given the chance to talk tram the very beginning of the 
interview. He should have an opportunity to tell his 
story in his own way, while the counselor listens 
attentively and thinks and feels with the student as 
he talks." 
~ Hill found that in pupil interviewing there ~as a 
recognizable difference between the remarks made by older 
children, who.had bad more science experience, and those made 
by younger children, who had had less science experience. 
1/Hyman Meltzer, Children's Social Concepts, Teachers College, 
Columbia University, Bureau of Publications, Contributions to 
Education, Number 192 (1925), PP• 86-87. 
g/Clifford E. Erickson, The Counseling Interview, Prentice-
Hall Inc., New York, 1950, P• lj6. 
J/Katherine E. Hill, "Children's Contributions in Science 
Discussions," Teachers College, Columbia University, New 
York, Contributions to Education, Number 931 (1947), P• 81. 
Bureau of Publications, Teachers College, Columbia University. 
Remarks of older children seemed to be.more discriminatory 
than those of younger children. She reports: 
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"Those made by older children more often involved 
more than one idea, with a consequent comparison of 
these ideas. The responses made by older children 
revealed a broader basis ot info~ation and experience. 
It may be that the wider information and experience 
enabled older children to make more discriminatory 
remarks." 
.v In regard to ~nterviewing, Symonds says: "The subject 
should come to the interviewing situation with an active pur-
pose in order to satisfy some need. He should come to get 
something, to have a chance to do something, or to work out 
some thing." 
Necessity of rapport.-- Rapport is a necessary condition 
of the interview. The investigator endeavored to establish 
rapport first by visiting the classrooms previous to the 
first interview, and during the interim between interview one 
Y' 
and interview two. Symonds says ot the establishing of 
rapport: 
"one should always plan to have at least two inter-
views and usually many more in studying any case. The 
very act of going away and coming back does something 
towards establishing rapport it the counselor has shown 
himself to be sympathetic at the first contact. Coming 
back to the same person in the same situation means 
acquaintance, familiarity and the security that famil-
iarity brings with it• With young children, rapport is 
best established by sharing in some activity." 
17Percivai M. $r.monds, "Securing Rapport in Interviewing," 
Teachers College Record, Volume 39, Number 8 (May 1938), 
PP• 707•708. 
g/Ibid~ 1::. P •- 708 • 
In this study the investigator gave unltmited time to 
each child in his interview. For this reason, there was no 
special time limit·placed on the individual interview, and the 
child was allowed to talk freelv about himself and the Object-
.. " ll 
Classification materials. Symonds speaks about the success-
ful interview in the following way: "The successful inter-
viewer does not repeat ~at the other person bas said, does 
not place values on what the subject says, does not generalize, 
is not annoyed at pauses in the interview, follows leads, 
particularly those involving personal relationships, and does 
not do all the talking." 
Categorical Responses.-- The writer in this investigation 
bas attempted to develop a hierarchy of responses based upon 
the responses of the individual children before and after a 
planned program of experiences in the areas of Light and Sound. 
The investigator, in collaboration with Dr. Edward Rawson of 
the physics department at the Massachusetts Institute of 
Technology, made such a hierarchy from the pupil's responses 
studied in this investigation. y 
In regard to categories, Piaget lists five types of 
responses which may be given by tbe child according to his 
stages of development: (1) "The answer at random; (2) the 
l/.Ibid., P• 722. 
g/Jean Piaget, op. cit., PP• 10-11. 
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suggested conviction; (3) romancing; (4) liberate~ conviction 
and {5) spontaneous conviction." In the spontaneous convic-
tion, the child answers questions given to him rorthwith 
because an opinion or concept has already been rormulated. 
The problsm presented to him is not new to the child and he 
has rerlected previously upon it. The writer reels that the 
study or the liberated conviction is perhaps or the greatest 
interest in a study of this type, because it implies pre-
viously ror,med tendencies of m±nd and intellectual habits. 
In this particular investigation the investigator was 
particularly careful not to change the ror.m of individual 
questioning so that by suggestion or by careless wording she 
might risk stimulation of the correct answer. In this way, 
the child's so-called suggested response has been eliminated. 
Romancing is the type or answer given by the child ir 
he is uninterested in the presented problem, or ir he invents 
an answer to please the investigator. The writer feels that 
this type or response bas been practically non-existant in 
this study, probably because of the high interest and game 
element involved. y 
Piaget believes that the study or the liberated 
conviction is of the greatest interest, although he realizes 
that it is often not possible to distinguish between the 
!:/Ibid., P• 11. 
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spontaneous conviction and the liberated conviction. 
If one carelessly uses an unexpected word during the 
interview, one risks stimulating simply by suggestion, and 
the reactions which follow might be mistaken for spontaneous. 
While the liberated-conviction responses reveals habits of 
mind tor.med previous to the examination although systematized 
under its influence, the suggested conviction reveals nothing 
beyond the child's suggestibility. y 
Romancing bas some interest. Piaget states regarding 
romancing: "It explains the solutions a child will give when 
it can find no better, and thus serves as an indication, 
negative it is true, but none the less often useful." y 
To summarize Piaget's methods of categorizing the 
responses during the clinical-type interview: 
"The spontaneous convictions, those formed previous 
to the examination, are the most interesting. The liber-
ated conviction may help us understand the child's natural 
trend of mind. Romancing s:>metimes gives indications, and 
should be interpreted with prudence. Suggested conviction 
and the answer at random are to be rejected, because they 
show only what the experimenter wanted the child to 
express and reveal,- tbe lack or comprehension of the 
subject." 
ll 
In a study by Oakes a number ot elementary school 
children were questioned, one at a ttme, by the conversation-
!/!2~0:.·, P• 17 • 
g/Ibid., P• 18. 
J/Mervin E. Oakes, Children's Explanations ot Natural 
Phenomena, Teachers College, Colambia University, Contributions 
to Education, New York Bureau ot Publications (1947), N~ber 
926. 
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interview proced~re. The p~rpose was to determine the methods· 
and types of explanations used by the gro~p to acco~nt for 
typical nat~al phenomena. The replies were tab~lated in 
categories based on the nat~e of the replies, altho~gh no 
attempt was made to establish a hierarchy of response. 
Comparisons were made between replies by s~bjects with high 
I. Q.•s and those ot s~bjects with low I. Q.•s. This compari-
son showed no large difference with respect to the types of 
explanations given. 
A s~ggested hypothesis is offered by the a~thor of this 
study that a matter-ot•tact cause and effect explanation is 
in considerable degree a characteristic ot brighter children. 
It wo~ld appear, also, that there is a greater tendency tor 
the less bright children to invoke non-materialistic and 
mysterio~s ca~ses to account tor phenomena in the environment. y 
Keen reported that younger children give explanations 
for problems in a simple or naive manner. In her scoring 
scale she ~sed the following broad categories: (l) correct; 
(2) almost-correct; (3) simple description; and {4) incorrect 
or fictionizing. She concluded also that reasoning depends 
to a considerable extent ~pon the ability of the individ~al 
to verbalize, the ability to ~se lang~age being especially 
lJingeline M. Keen, "A Study of the Growth of Concepts and 
ot Reasoning Concerning Physical and Psychological Causation," 
Unp~blished Doctoral Dissertation, University of California 
Library, Berkeley, California, 1934, P• 111. 
important in this respect. 
In a study of the ways in which natural phenomena were 
!I 
explained by children, Zawerska asked three questions of 
the 218 children who constituted her study. The categories 
fell into four groups: 
1. Explanation by the succession of time of the 
particular event. 
2. Animistic and dynamic explanations based on 
primitive beliefs. 
3. Mechanical explanations depending on series of 
reciprocal actions. 
4. Explanations based on modern scientific 
conceptions. 
The fourth classification seemed to be linked with the 
environment 1 depending on the degree of civilization {town 
life versus country life), and the degree of well-being in 
the child's immediate social environment. y 
In the Meltzer study 1 to illustrate how informed, 
uninformed or misinformed the children's concepts were, he 
classified the answers in the following categories: 
1. Superior answers--showing realization of implica-
tions as well as grasp of content. 
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lJ~. zawerska, •The EXplanation of Natural Phenomena by 
Children," Ps{.cholo~ Abstract 6 (1932), Number 3739, Polskie 
Arch. Psycno ., 193 , PP• 110-127. 
i/Hy.man Meltzer, op. cit., PP• 86-87. 
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2. Reasonably correct answers. 
3. Correct fact or particular, but no general idea. 
4. Confused answers-~ixtures of right and wrong. 
5. Misconceptions obtained by suggestion from wording. 
6. Other misconceptions. 
1. No meaning--"Don•t know" answers. 
ll Haupt, in a study or elementary school children 
involving concepts on light, categorized the explanations 
made by the children in all of the six grades. He found that 
the generalizations made on the lower grade levels were less 
complex than those on the higher grade levels, but they were 
all in such terms of the objective as were the experience of 
the children. He reports: "The difference between the mental 
operations of the children of the first and sixth grades was 
not one of ability to generalize. The difference was one of 
the complexity of the generalizations which were made." 
y' 
West questioned the amount of learning which we 
expect from children• He says: 
1. ~e expect too little or children in their ability 
to think for thauselves. 
2. We expect too little of children in drawing their 
own conclusions after an appropriate set of 
experiences. 
l/George w. Haupt, "Generalizations in Elementary School 
Science," School Science and Mathematics (June 1934), 34:576. 
y'Joe Young West, "Do We Expect too much or too little of 
Children from their Experiences in Science?," Science 
Education (October 1949), 33:296-298. 
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3• We do not give children enough to do. There is no 
substitute quite as good as learning from first 
hand experience. 
4• We expect too little in using initiative. 
5. We do not expect enough of children in identifying 
everyday life principles they see in action with 
what they have learned in the classroom. 
6. We do not expect enough of children as a result of 
experiments and other attempts which fail. 
7. We do not expect enough of children in helping to 
evaluate the outcomes of their work." 
ll Robinson defined a category as "the most general kind 
of existence of reality which any mentionable object can 
have." Later, he defined more narrowly, " •••• we may regard 
the categories from the view of their function or use in 
thinking. For we use them in every act of thought. They 
are the indispensable pre-requisite of any thinking 
whatever." y 
Hill used categories to classify the responses made 
by the children in her study which concerned pupils from 
grades one through six during discussions of science 
subject matter. The categories were chosen to represent 
certain objectives of science teaching. Typical of these 
objectives are the following: 
1. Recognition and identification of natural 
phenomena. 
!/D. s. Robinson, Principles of Reasoning: an Introduction 
to Logic and Scientific Method, Appleton Company, New York, 
1936, P• 30. 
g/Katherine E. Hill, op, cit. 
2. Speculation 
3· Cause and Effect Relationships 
4• Conclusions. and 
$. Recognitions of achievements of thinking. 
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She concluded that young people are capable of attain-
ing these objectives. 
Y' 
Making Analogies.-- Read believes that as we attempt 
to measure the ability to recognize and classify objects 
associated with the physical science environment we shall 
also be measuring simultaneously the acquisition and reten-
tion of those facts which have been school-learned and the 
child's ability to apply these "learned" facts to new 
situations. In regard to out-of-school experiences and 
classifications of the different learnings. he says: 
"Other facts have been learned from the out-of-
school experiences of the pupil. There is extreme 
variation aaong pupils here. and only by providing 
severai common categories will there be even a 
reasonable chance of aeasQring this awareness of 
!n environment; there is little chance of testing 
even environmental sl. tuation in a measure of any 
reasonable length." 
In the Object-Classification test. the child was asked 
to make analogues ot the various models associated with 
Soqg4. and later. L&snt. and then give reasons why the 
particular pairing was chosen. The child then paired the 
models according to his anderstanding of the scientific 
principle represented by the object. 
?J Piaget says of pairing objects and associations: 
!/' J obn GaJatons Read • .;.OP~;;.•:..-;;c:o.:i:;.;:;t.-• • p. 12 • 
g/Jean Piaget. Logic and P!ychology. University of Manchester. 
University Press.316-324 Oirord Road. Manchester. 1953. p. a. 
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"Psychologically, operations are actions which are 
internalizable, reversible, and coordinated into systems 
characterized by laws which apply to the system as a 
whole. They are actions, since they are carried out on 
objects before being performed on symbols. They are in-
ternalizable, since they can al~ be carried out in 
thought without losing their original character of 
actions. They are reversible as against simple actions 
which are irreversible. In this way, the operation of 
combining can be inverted immediately into the operation 
of dissociating, whereas the act of writing from right 
to left without a new habit being acquired differing 
from the first. Finally, since operations do not exist 
in isolation they are connected in the for.m of struc-
tured wholes." y 
U~e gf Lisht and Sougd analogies.-- Dubins studied 
163 courses of study by random stratified sampling which 
involved the determined use of Robertson's principles for 
elementary school science teaching and found that the study 
of Ligbt and Sound were among the first ten principles most 
highly chosen. 
The writer used the Object-Classification test which 
involved Light and Sound analogues at both of the individual y 
interviews. The use of analogies is not new. Thurber says: 
"Analogies are much used to influence opinion. Pupils need 
contact with thsm; they should become conscious of them and 
should learn to evaluate them." 
~alter A. Thurber, "Selecting and Organizing Activity-
Suggestions for Elementary Science Courses of Study,• School 
Science and Mathematics (April 1943), Volwme XLIII, Number 375. 
ll 
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In regard to responses of children. Haupt contends that 
the hypotheses ot children are not generally understood and 
appreciated. He says: 
"There are valid and invalid hypotheses. but a 
valid hypothesis need not be a correct one. Adequacy 
in har.monizing two facts or sets of facts is a good 
criterion of validity. Prior experience is the source 
of hypothesis. but it is suggested by the data under 
immediate consideration." y 
Robinson speaks of logical analogy: "Logical analogy 
means that inference which is drawn about unknown features 
of a certain object. based upon a known resemblance between 
it and another object. about which what is inferred in the 
analogy is already known." 
Judgments and opinions.-- The writer feels that we can 
expect children to make judgments in elementary science, but 
that the scientific method in the elementary grades includes 
also the ability to revise judgment and constantly change 
J/ 
opinions. Wessell says: "Pupils are not forced to make 
judgments and then to revise them or discard them on the 
basis of facts brought to light in the scientific method." 
l/George w. Haupt, "A Neglected Factor in the Teaching of 
Elementary Science." Science Education (January 1939), 
Volume 23, Number 1, P• 34• 
g/D. s. Robinson, op. cit., P• 301. 
J/George Wessell, "Measuring the Contribution of the Ninth 
Grade General Science Course to the Development of Scientific 
Attitudes." Science Education, Volume 25, Number 6, P• 339. 
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Keats reports an investigation or predictions derived 
rrom a theory or Piaget concerning the development or intel-
ligence. Three content areas were studied, making use or 
group-testing procedures and special statistical techniques. 
It was concluded that the group-testing technique could be 
used experimentally with special variations of the content of 
tiems, and that Piaget's theory of intelligence could be in-
vestigated~ this procedure. 
Smith studied the degree of relationship existing 
between ability to recall and two measures of ability to 
reason, and round that they were closely related. He 
reports: 
"While it is not possible to say that ability to 
recall inror.mation is sufficient to insure understand-
ing of relationships, or vice-versa, the two seem to be 
products or the same learning process and are highly 
and closely related to each other." y 
Cattell in his investigations of intelligence reports: 
"The individual's general ability might •••• be derined by the 
YJohn A. Keats, "Formal and Concrete Thought Processes," a 
Technical Report, Princeton University and Educational Testing 
Service (August 1955), Project Designation NR 150-088, ortice 
or Naval Research Contract N6onr-270-20, Princeton University, 
New Jersey. 
2/Victor c. &nith, "A Study of the Degree of Relationship 
!Xisting between Ability to Recall and Two Measures of 
Ability to Reason," Science Education (March 1946), Volume 
30, Number 2 1 PP• 88-89. 
J/Raymond B. Cattell, "A Culture-Free Intelligence Test I," 
Journal of Education Psychology (March 1940), Volwme 31, 
Number 3, P• 161. 
order of complexity of the relations which he is capable of 
handling." 
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y 
Hurd refers to the tenn. "scientific method," preferring 
to use "scientific methods~" and says: 
"At least we are on safer ground if the term 
"scientific methods" is used. There is a consensus to 
the effect that the scientific method is not any exact 
series of steps which must be followed in a sequence 
if accurate thinking is to be the final result. This 
has led to a re-examination of the scientific method 
both to define further the method and to search for any 
previously unrecognized f'actors in the method." 
In this investigation no writing is required of the child. 
The two tests involving the written page were read aloud by 
the investigator so that there would exist no written language 
barrier to hinder the science understanding of this investiga-
tion. y 
Read says in regard to writing tests in the elementary 
school: "The writer feels that for pupils in a school situ-
ation the cramped tension which comes with writing is a 
possible bar to free-association of objects or pictures. 
There is no objective proof at this time for such a stand." 
In further regard to the actual manipulation involved 
il in the Object-Classification test, Heiss emphasizes the 
importance of sensory experiences: 
!/Paul DeH. HUrd, "The Scientific Method as Applied to 
Personal-Social Problems," Scientific Education (October 
1955}, Volwme 39, Number 41 P• 262. 
g/John Gammons Read, op. cit., PP• 15-16. 
J/Elwood D. Heiss, Ellsworth s. OBourn and Wesley Hoffman, 
Modern Methods and Materials for Teaching Science, The 
MacMillan Company, New York, 1940, P• 142. 
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"Human beinss derive their experiences mainly from 
three sources: (1) direct sensory contacts; (2) pictures 
or some other fonns of representation of objects, phenom-
ena, and relationships; and (3) oral or printed words or 
symbols. And of these three possibilities the third is 
of little value unless proper sensory experience is pro-
vided to serve as a basis for interpreting the oral and 
written words." 
Evaluation and performance.-- Modern evaluation is y 
participatory, says Burton: 
"Testing for tbe older imposed and arbitrary 
standards was an easy matter. Modern evaluation 
demands the cooperative efforts of all educational 
workers, of test technicians, of the public, and of 
the pupils. Pupils not only participate in order to 
improve evaluation but to achieve desirable learning 
outcomes in this field. Pupils can learn to discrim-
inate, to judge, and to evaluate all highly important 
life activities, only by discriminating, judging, and 
evaluating constantly. All this complicates the 
actua~rocedures of evaluation." 
Ragan emphasizes the fact that evaluation in science 
does not include merely an accumulation of data regarding 
information which pupils can recall, but procedures for 
evaluating, also, growth in understanding, attitudes and 
skills. He says: "Paper and pencil tests may suffice for 
measuring pupil progress in ter.ms of factual knowledge, but 
the evaluation of pupil behavior in actual situations 
involves the use of other instraments and procedures." 
:J/ 
McCarthy comments on performance tests in regard to 
!/Willi~ H. Burton, op. cit., P• 412. 
,Y'william B. Ragan, Modern Elementary Curriculum, Dryden 
Press Inc., New York, 1953, P• 389. 
J/Francis Wadsworth McCarthy, op. cit., p. 96. 
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his experimental study involving pupil perfor.mance: 
"Since science lends itself to the perfor.mance of 
experiments by children, it would seem that oral or 
written tests should not be taken as the sole criteria 
of knowledge which a child has on a scientific subject, 
but some means should be provided to allow a child to 
demonstrate his knowledge by performance as well." y 
One of the outstanding conclusions made by Beauchamp 
in regard to a study of intelligence correlated with a 
resourcefulness test is in regard to training in resourceful-
ness in the classroom. He says: 
"If resourcefulness is really one of the qualities 
upon which success in life is founded, then we should 
present more problems involving resourceful activity 
in our classroom teaching, our quizzes, examinations 
and tests. Also, if experience is one of the founda-
tions of resourcefulness, then good training in the 
schools should include many experiences with actual 
objects, in varied fields of activity, related as 
frequently as possible to actual situations of 
practical living." y 
Types of thinking.-- Mehl in speaking of creative 
thinking and reflection says: "What is implied in the term, 
creative discovery, is that the student be given a chance to 
discover relationships by himself." 
The reflective type of thinking is commonly recognized 
as being a very active process. Recently the Columbia 
~ A.ssociates in Philosophy defined it as "thought bent on 
!/Robert o. Beauchamp and Hanor A. Webb, "Resourcefulness, 
An Unmeasured Ability," School Science and Mathematics 
(May 1927), 27:265. 
2/Bernard Mehl, "Motivation of Critical Thinking," Progressive 
~ducation (January 1956), Volwme 33, Nmnber 1, P• 14. 
3/Columbia Associates in Philosophy, An Introduction to 
Reflective Thinking, Houghton Mifflin Company, Boston, 
Massachusetts, 1923, P• 2. 
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solving a problem, on finding out the meaning of a perplexing 
situation, or reaching a conclusion which is trustworthy." 
ll Holley speaks of the ways in which a teacher uses 
reflective thinking in her everyday teaching: 11 In many 
recitations a little exposition combined with a little deduc-
tion and, perhaps, an occasional piece of inductive teaching 
bring about a rapid assimilation of knowledge by the class. 
Such a recitation can well be called reflective thinking." 
Can a pupil be expected to behave intelligently because 
he has bad the necessary relevant experience? Brownelly and y 
Sims say: 
"Not necessarily, for several other conditions must 
be met: he must be able to identify the critical aspects 
of the situation; he must find appropriate ways to attack 
these critical aspects; be must want to satisfy the need 
presented to him by the situation; and all other factors 
in the situation must be favorable. If any of these 
conditions is not satisfied, his adjustment may not be 
intelligent." 
J/ Dewey speaks of reflection as active, persistent, and 
careful consideration of any belief or supposed for.m of know-
ledge in the light of the grounds that support it and the 
f'urtber conclusions to which it tends. He further holds that 
1/Charles Elmer Holley, The Teacher's Technique, The Century 
Company, New York, 1923, P• 116. 
g/William H. Brownelly and u. M. Sims, "The Nature of Under-
standing," Forty-fifth Yearbook, 1946, Part I, National 
Society for the Study of Education, University of Chicago 
Press, Chicago, Illinois, P• 30. 
J/John Dewey, How We Think, D. c. Heath and Company, New 
York, 1910, PP• 11, 12, 78. 
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the "demand for the solution of a perplexity is the steadying 
and guiding factor in the entire process of reflection" in 
that the "problem fixes the end of thought, and the end 
controls the process of thinking-" 
Reflective thinking involves time. It takes much time 
to do effective work, For this reason, the children inter-
viewed in this investigation were given time in both the 
interviews to do reflective thinking, 
Role of the environment,-- That the environment plays 
an important part in the science· interests of the child has 
v been recognized by many science educators. Leonelli, whose 
extensive study involved the selection of physical science 
principles, reported that the jurors who selected the prin-
ciples, indicated that the most important objective for the 
teaching of physical science in the elementary school was to 
develop an interest in and an interpretation of the environment. 
Socio-Economic Backgro~d.-- The investigator interviewed 
pupils of acutely different socio-economic backgrounds to 
determine whether the status in any way concerned scores on 
the test~iven. In regard to socio-economic condition, 
Deutsche reports that in her studies the differences in 
background had only a vewy low relation to scores on concept 
tests. 
!/Renato E. Leonelli, The Selection and Grade Placement of 
Principles in tbe Elementar1 School Curriculum, Unpublished 
Doctoral Dissertation, Boston University, 19~2. 
g/Jean M. Deutsche, op. cit, 
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Baker, in evaluating children's discussions, reports: 
•Although examination of the data has shown more 
si~larities than differences between schools, some 
interesting differences were noted. Groups in the 
school with higher economic status devoted less atten-
tion to books, radio, and movies. They gave evidence 
of having more information. Their discussion was better 
because they probed more deeply, stuck to the point, 
used better vocabularies, and showed more concern for 
values." y 
Harris believes that the total amount of experiences 
a child geins by his own activities is astronanical, but he 
feels also that school experiences can and do set off appli-
cations and developments, many of which teachers are unaware. 
Other investigators have been interested in children's 
conversations and discussions, but they were concerned chiefly 
with children as individuals or in single groups. There seems 
to be, however, no previous research very closely related to 
the age-group of this study, the method of investigation and 
the treatment of data. 
Sources of Information Children Use.-- Although this 
period in history has been repeatedly characterized as an 
age of science, the elementary school has contributed a 
minor amount of enrichment elements in science to the contin-
uous process of education. We may assame, then, that the 
great mass of our adult population may have made most of 
!/Harold v. Baker, Children's Contributions in Elementary 
School General Discussion, Bureau of Publications, Teachers 
College, Colambia University, New York, 1942, P• 84. 
~Dale B. Harris, "Pied Pipers of Pedagogy," Phi Delta 
Kappan, Volwne XXXVIII, Number 1, October 1956. 
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their adjustments to this scientific age through experiences 
which they have had outside of school. From a curriculum 
composed mainly of a series of object-lessons in nature 
study, with mental discipline and recognition of objects 
being the chief aim, we are coming slowly towards a period 
where attempts are being made at introducing physical science 
into the elementary school upon a sound basis backed by an 
acceptable psychology. However, we are still at a stage 
where a great deal of scientific information is derived out-
side of the classroom. y 
Schenke 1n a recent study found that the children 
obtained their science info~ation from a wide variety of 
sources. He reports that there was no marked sex difference 
in the reference to sources of infonnation, and that nearly 
half the science information that bad been learned by the 
children had been derived tram direct sources; that is, by 
personal observation and individual experiences of each 
child, and without the help of anyone else. y 
Hill says of outside interests of children: 
"In considering the school and the child's science 
interests, perhaps we should consider a basic truth 
which we sometimes overlook. This is that a child bas 
interests which probably may be classified as science-
interests from the time of his birth. For example, an 
infant becomes curious about noise and light quite early. 
Lahron H. Schenke, "Information Sources Children Use," 
cience Education (April 1956}, Vol~e 40, Number 2, PP• 232-237. 
g/Katherine E. Hill, op. cit., P• 203. 
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His eyes follow a moving spot of light. He is startled 
by an unusual sound. He responds 1n a pleased manner 
to other sounds." 
In discussing the futility of grade placement of science y 
topics, Mallinson states: "In addition to age, the back-
grounds, interests and geographical locations of children 
obviously must be considered in the selection of topics." 
21 Gega speaks of a more dynamic curriculum in elementary 
science if the following specifics are followed: 
1. "The development of scientific attitudes and the 
scientific method. 
2. The need of the child and society 
3• Correlation with other studies and life in general. 
4• Fundamental instruction in all of the five science 
fields, namely: astronamr, biology, chemistry, 
geology, physics. 
5. The interests and experiences of the child." 
:J/ Adams and Harrison are especially concerned with the 
problem of the outside-of-school interests of the elementary 
school child. They believe that the scientific curiosity 
with which pupils enter school is often lost, and state: 
"One prime goal of an elementary science class should be to 
!/Jacqueline B. Mallinson, "What Have Been the Major Emphases 
in Research in Elementary Science During the Past Five Years?," 
Science Education, Volume 40, Number 3, {April 1956), pp. 204-210. 
g/Peter c. Gega, "Elementary School Science - Some Problems," 
Science Education {April 1956), Volume 40, Number 3, PP• 239-246. 
J/Sam Adams and L. M. Harrison, "Physical Science and the 
Elementary Teacher," Science Education {April 1956), Volume 
40, Number 3, P• 241. 
preserve and nurture the scientific interests which the 
students have." y 
Curtis found that there was a difference between the 
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science interests of boys and girls. He says: "The range of 
scientific interests among boys and girls is very wide and 
there are characteristic sex differences in these interests, 
both qualitative and quantitative." 
However, his study involved pupils of secondary school, 
and to the knowledge of the writer there has been no conclu-
sive study to indicate the findings in a similar situation 1n 
the elementary school. y 
Pistor's study involving the nor.mal growth of time 
concepts in young children reveals that both the experimental 
and control groups grew about the same in this respect. 
Pistor states that outside influences need to be taken in 
account when evaluating any type of educative growth. He 
says: 
"There is no conclusive evidence that the children 
developed in their time concepts through sheer matur~tion. 
They were subject to aanJ educative influences not con-
trolled by the school or the experimenter. They engaged 
in much free and undirected library reading. They 
attended motion picture shows and listened to the radio." 
!IFrancis Day Curtis, "Same Values Derived from Extensive 
~eading of General Science," Teachers College Contributions 
to Education (1924). Teachers College, Col~b!a University, 
New York, Number 163, P• 111. 
g/Frederick Pistor, "How Time Concepts Are Acquired by 
Children," Educational Method (November 1940), 20:111. 
The investigator believes that usually there is little 
overlap between the science interests of children outside of 
school and those within the school. In this respect Jersild y 
and Tasch state: 
"The fact that so many children seem to regard 
activities in school and out of school as separate 
aspects of their lives does not imply that things 
necessarily should be different or that the school 
or the home is at fault." 
1:1 Noll says: 
"More comprehensive and more analytical studies of 
children's interests in science need to be made. Some 
of the studies available have, by their very procedure, 
seemed to influence the directions of children's ques-
tions. Some have similarly limited the scope of such 
questions. Others may be criticized from the stand-point 
that the children were a selected group as to either 
social status or locality, or both. Likewise, more 
objective techniques are necessary for classifying such 
questions." . 
J/ Croxton believes that out-of-school interests of the 
child are many. He says: ' 
"Young children have a seemingly insatiable 
curiosity. This is one of the most essential scientific 
attitli.dea·• :· Instead of stifling it, we must cultivate 
it. The child's interest possesses a freshness undulled 
by adult custom, coercion, and the substitution of much 
reading and reciting for direct experiencing. 
We have come to consider the first few years of the 
child's life the most important formative period. It is 
!/Arthur T. Jersild and Ruth Tasch, Children's Interests and 
What They Suggest for Education, Bureau of Publications, 
Teachers College, Colwmbia University, New York, 1949, p. 53• 
2/Vietor H. Noll, The Teaching of Science in Elementary and 
Secondary Schools, Longmans, Green and Company, New York, 
1939, P• 96. 
J!W. c. Croxton, op, cit., P• 49, 
possible that we may discover that they are likewise 
moat important in establishing scientific attitudes." 
11 
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Schwesinger speaks of the social experience of children 
in her study of the social significance of vocabulary: 
" •••• although social experience enters into the lives of 
practically all human beings, in the case of those for 
whom social-cultural training has been emphasized, 
there is found to be an increased ability in verbal 
expression, which ability is not attributable to 
intelligence alone." 
gj 
Terman's study of the gifted relates that there is a 
relationship between social-class and achievement. He says: 
"Earlier investigations have shown that social class is 
highly correlated with adult achievement; this study shows 
that it is highly correlated with intelligence in fairly 
early childhood." 
Recognition of Future Scientists.-- Studies by many 
investigators have shown that scientists are different in 
many respects from other people, and that their qualities 
make them easily identified. The writer feels that it is 
often possible to identify these young future scientists in 
the elamentary school, thus clearing the way for an early 
career ohoice and guided training 1n a scienti~ic field. 
1/Gladys c. Schwesinger, The Social-Ethical Significance 
of Vocabulary, Contributions to Education, Number 211, 
Bureau of Publications, Teachers College, Columbia 
University, New York, 1926, P• 71. 
g/Lewis M. Ter.man, Genetic Studies of Genius, Mental and 
P sical Traits of a Thousand Gifted Children Volame 1, 
Stanford University Press 192 3. 
!I 
In this respect Blough says: 
" •••• let us not overlook the tact that our future 
scientists are today in the elementary schools, and 
that we have some responsibility to discover them, to 
encourage them by our interest- by helping them find 
ways of going farther with cert&in science problams 
than the others in the class do and by passing on to 
future teachers of these pupils infor.mation about 
this interest." y 
MacCurdy, who studied superior science students, 
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concluded that there were over a hundred items that m~de up 
the superior science pupil. He says: "The portrait is a 
complicated one, so each general category of the portrait has 
been reduced to a few general characteristics. These have 
been developed by combining and consolidating several items 
in the category to a single quality." 
Later be reports that the scientists interviewed reached 
a decision in the elementary school to become a scientist as 
their life work. 
J/ 
In regard to the gifted child, Terman speaks of the 
talents of the children of average ability. He says: 
"On the other hand, children of ordinary or 
mediocre general intelligence often possess specialized 
abilities that are overlooked because they are not so 
conspicuous as when they appear in the gifted specialist. 
Children on all levels of mental ability must be recog-
nized as unique individuals with unique educational and 
vocational needs." 
1/Glenn Blough and Marjorie Campbell, op. cit., P• B. 
g/Robert Douglas MacCurdy, "Characteristics of Superior Science 
Students and Their Own Sub-Groa.ps, n ~cience Education 
(February 1956), Volume 40, Number 1, P• 8. 
J/Lewis Terman, op. cit,, P• 339. 
65 !/ Bingham sees the need for research in order to provide 
situations where boys and girls may live the scientific 
approach in their classroom activities. He suggests these 
three significant phases: (1) "How can we help boys and 
girls have fun with science? (2) How can we individualize 
instruction? And (3) How can we develop critical mindedness?" 
Summary of Research Studies 
Studies and investigations have been made relative to 
children's responses to science questions and to interpreta-
tion of their environment and natlU'al phenomena. Important 
contributions have been made by Piaget, Navarra, Hill and 
Oak8s in this respect. Through the work of these investiga-
tors, we have come to believe that children show variations 
in their science concepts, whether ya~ednbetore or after 
for.mal science teaching has taken place. Haupt, Conant, 
Vinacke and Croxton have all contributed widely to the 
premise that children in the elementary school have the 
ability to generalize, and other investigators represented 
by Russell, Croxton and Craig agree that the young child 
can generalize and it is the job of the teacher to train the 
l/Eldred N. Bingham, "How Can the Elementary Science Program 
~eveal, Nourish and Maintain Science Talent?," Science 
Education (April 1956), Volume 40, Number 3 1 P• 208. 
in the methods of generalizing. 
Concept building and critical thinking are all highly 
interrelated according to many writers, and Deutsche and 
Meyer agree that logical thinking develops as the child 
matures. 
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Bergen, Mack, Read and Watson all speak of problem• 
solving as part of the scientific method. Blough believes 
that the abili~ to do problem-solving increases with age, 
and Beauchamp believes that the pupil must be able to inter-
pret the problem in view of other experiences involving 
similar sit ua. tions. 
Martin, Piaget, Meltzer, Hill and Erickson believe in 
the interview~ethod as an excellent means of investigating 
the thinking of young children. Symonds agrees with this and 
adds that to satisfy the need of the child, the latter should 
be given a chance to do something or to work out some problem. 
Those outstanding investigators who have categorized the 
responses of children are Piaget, Oakes, Keen, Zawerska, 
Meltzer, Haupt and Hill. 
Read, Thurber and Robinson all have contributed writing 
on the importance of drawing analogies, and making relation-
ships, which is a method used in this study. 
Types of thinking that children engage in have been 
studied by many investigators, and Mehl, Holley, Dewey and 
Reed have given reflective thinking a place of great 
importance. 
The writer worked with children of different socio-
economic backgrounds, so the investigations of Deutsche and 
Baker were relative to this study, though the two writers 
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did not agree as to the importance of the backgrounds of 
children in regard to their information _and thinking processes. 
There have been some studies made in regard to the natural 
science interests of children, but the most recent and compre-
hensive seems to be that of Schenke, who found that children 
get their science information from a wide variety of sources, 
and that half of their information is derived from out-of-
school experiences. 
Studies recently have shown that the gifted science 
scholar can often be identified in the elementary school, and 
Blough, Terman, MacCurdy and Bingham have all contributed to 
the plea~ for more needed research at the elementary level 
so as to clear the way for these future scientists. 
CHAP'fBR III 
RESEARCH PROCEOORES AND TECHNIQUES 
1. Teacher and pupil activities.-- The writer has 
long been interested in discovering how children acquire 
science concepts, and 1n their ability to understand 
certain principles recommended by science educators for 
inclusion in the elementary scbool science curriculum. 
The purpose ot the study was: (1) to investigate 
how children in the intermediate grades ot the elementary 
school learn science concepts in the areas of Light and 
Sound before and after a planned teaching progr~ in 
those specific areas; (2) to investigate the level of 
understanding of the concepts and principles before and 
after instruction and (3) to determine by means ot 
certain instruments whether socio-economic background 
and native intelligence effect this learning. 
It was decided to use the two areas of Light ~ 
Sound as the material for the study, and boys and girls 
from the intermediate grades of the elementary school as 
the children to be studied. The intermediate grades 
encompass grades four, five and six. 
The investigator was asked to give a workshop in 
physical science to the teachers from two schools where 
no previous instruction in physical science had taken 
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place. These schools are named School A and School B in 
this st~dy. Since the pupils in these schools were 
considered to be of superior socio-economic background, 
a school of a lesser socio-economic environment was 
chosen for reasons of comparison. This is called School 
Q• This involved, then, a workshop in the principles of 
Sound and Light given by the writer to the teachers of 
three different schools. Usually, a committee of 3 secondary 
teachers and supervisors attended the workshop meetings 
also, so that the elementary-science program could be 
oriented successfully with that of the junior high school 
at a later time. A description of the three schools will 
be found in the appendix of this study. 
The workshop met for eight one-hour sessions in 
consecutive weeks, and later the investigator spent time 
with the teachers and in the individual classrooms for 
p~poses of establishing rapport with the pupils and for 
giving necessary help to the teacbers. 
The workshop was conducted informally and the method 
used was lecture-demonstration with some laboratory pro-
cedures. Each teacher was given a selected set of experi-
ments and directions compiled by the investigator, and was 
allowed to proceed with the teaching by his own method or 
methods. To the knowledge of the writer, the teaching was 
accomplished both by correlation with other school subjects 
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and by direct science teaching. The investigator did not 
teach the children at any time. Materials and books were pro-
vided if they were needed. Itaas similar to those used in the 
Object-Classification Test were made available to the teachers 
but no ~nalogies were mentioned. The teachers did not know the 
nature of the testing program. The writer provided the teach-
ers with worksheets on which were experiments and experiences 
considered suitable for elementary school science instruction 
in Sound and Light. This material was adapted by the writer 
from basic elementary school science textbooks and other 
source materials. 
The teachers attended the workshop and collected materials 
and experiences, but did not begin the teaching of Light and 
Sound until the writer had interviewed each child individually 
and tape-recorded his responses to interview questions and to 
the Object-Classification Tests. This was known as Interview One. 
2. Tests given to the pupils.-- The tests given to the 
pupils before instruction in the areas of Light and Sound were y 
five in number: (1) The Otis Quick-Scoring Mental Ability 
Tests, Beta Test, Form A; (2) The MUltiple-Choice Word Classi-Y fication Test; (3) The Oxendine Sound Test; and (4) and (5) 
The two Object Clasmfication Tests in the areas of Light and 
Sound. The responses to the Object-Classification Tests as 
well as to both interviews were tape-recorded. The same tests, 
with the exception of the Otis, were given after instruction also. 
1/Arthur S. Otis, "Otis-Quick Scoring Mental Ability Test," 
World Book Company, Yonkers-on-Hudson, New York. 
g/Herbert Grantham Oxendine, The Grade Placement of the 
Pbisical Science Princi,le, "Sound Is Produced by VibratifS 
Material w In Relation o Mental lge, unpublished Doctora 
Dissertation, The College ot Education, Boston University, 
1953. 
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During Interview One, the pupil was encour~ged to 
talk about science, his science interests, and his know-
ledge in the areas of Light and Sound. The interview 
technique employed is indicated below. The pupil was 
asked to make classification of models, relative to Light 
and Sound which were distributed on a table in the roam. 
These were the Object-Classification Tests. One test was 
in the area of Sound and one in the area of Light. Sound 
models were separated from Light models. The child was 
asked to tell why he classified the models in his particu-
lar way. This disclosed some pre-conceived understandings 
in the areas ot Light and Sound. 
The individual interviews usually consumed about 
twenty minutes of time, although same children were more 
verbose than others. After the class testing and the 
individual interviewing, the teacher began her planned 
lessons. 
This was a saturation study. The teacher taught the 
subject until she felt that the class had reached a point 
where more teaching would be forced and unnatural. There 
was little variance in respect to time, and most of the 
teachers contacted the investigator to report the end of 
their science teaching after a period of from six to 
eight weeks. 
The writer returned to the classroom upon the request 
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of the teacher$ and administered for the second time the 
test on Sound and the Multiple-Choice~ord-Classification 
Test. The child was interviewed for the second time, and 
asked the same questions and given the Object-Classification 
Tests. This second interview was tape-recorded also. 
The pre-testing, workshop, the teaching and the post-
testing occupied the entire school year. 
Extended information on the material taught to the 
teachers, the testing accomplished and the interyiews is 
given below. A report on the reliability of the Word 
Classification Test is given at the end of this chapter. 
Copies of the tests are in the appendix of this study. 
!I 3· Selected Science Principles.-- Martin Robertson 
in 1935, with a jury of four science specialists listed 
243 science principles which were considered appropriate 
for the elementary school. These principles were then 
submitted to twenty supervisors and professors of the 
teaching of elementary science. From the ratings 
obtalned, a final listing of 113 principles was prepared. 
?J These principles, and those of Harold E. Wise were used 
1/Martln RObertson, •selection of Science Principles 
Suitable As Goals of rnstrnction In The Elementary 
School," Science Education (Februa~-April, 1935), Volume 
19, Number 4, PP• 65-7o. 
,Y'Harold E. Wise, A Detel'lllination of the Relative 
Importance of Principles ot Physical Science for General 
Education, Doctoral Dissertation, University ot Michigan, 
1941. 
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in this investigation for the purpose of discovering how 
many science principles in tbe areas of Light and Sound 
the children of this study understood before and after 
instruction in these subjects. 
!I The Wise list of principles is a master list_ 
compiled from other studies and comprises 191 principles 
in physical science. From this list and that of y 
Robertson those principles relative to Light end Sound 
were chosen for use in this study. The following is the 
list of principles. The ~· and "R• after the statement 
refers to the originator of the principle, Robertson or 
Wise. The starred principles are those which were not 
mentioned by the pupils of this study, either before or 
after instruction. This study is confined to principles 
in Sound and Light. The information commonly referring 
to the finite speeds of Light and Sound was not mentioned 
in the Robertson and Wise lists, but since many of the 
pupils referred to this knowledge, the investigator kept 
a record of the nwnber and grade of these responses. 
There was also no specific information which covers the 
idea of high frequency in Sound relative to some mammals, 
and because this was also mentioned by the pupils, a 
response record was kept by the investigator. 
YHarold E. Wise, 2E.• ill• 
,Y'Martin Robertson- .2R.• ill• 
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Selected SoQnd and Light Principles Used in This StQdJ 
2. 
5. 
12. 
When energy is transmitted in waves the medium which 
transmits the wave motion does not move along with 
the wave, b~t the energy does. {W) 
The greater the space through which a body vibrates 
the lo~der is the sound ia produces. (R) 
The speed of sound increases with an increase in 
temperature of the media. conducting it. {W) 
Bar.monious musical intervals correspond to very 
simple treq~ency ratios. (W) 
Sound waves or other energJ 1mp~ses may set up 
vibrations in a body the amplit~de of which is 
increased if the impulses are exactly timed to 
correspond to any one of the periods of vibration 
of the body. (W) 
The speed of a wave is equal to the product ot its 
frequency and wave length. (W) 
The velocity of sound is directly proportional to the 
square root of the elasticity modulus and inversely 
proportional to the square root of the density of the 
medium tranmaitting it. (W) 
Sound waves are reflected in a direction such that 
the angle of incidence equals the angle or 
reflection. (W) 
The quality or a musical tone is deter.mined by the 
pitch and intensity of the different simple tones or 
harmonics into which it may be resolved. (W) 
When a sounding body is moving toward or away from an 
observer, the apparent pitch will be higher or lower, 
respectively, tban the true pitch of the sound 
emitted. (W J 
Smooth surfaced tabes may be used to confine t be 
direction or sound waves and thus prevent the rapid 
decrease of intensity with distance tram the source, 
which would otherwise take place. (W) 
Dogs and other mSlalals can hear higher frequencies 
than people. 
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*13. Two sound waves ot the same or nearly the same 
frequency will destructively interfere with each 
other when the condensations ot the one coincide 
with the rarefactions ot the other provided that 
the directions ot propagation are the same. (W) 
*14. The frequency of vibration ot a stretched string is 
inversely proportional to its length, diameter, and 
square root ot its density; and directly proportional 
to the square root ot the stretching force. (W) 
*15. The loudness ot a sound depends upon the energy of 
the so~d waves and it propagated in all directions, 
decreases inverselJ as the square ot the distance 
from its fD nrce. {W) 
16. 
18. 
19. 
20. 
21. 
22. 
Musical tones are produced when a vibrating body 
sends out regular vibrations to the ear while only 
noises are produced when the vibrating body sends out 
irregQlar vibrations to the ear. (W, R) 
The higher the pitch ot a note, the more rapid the 
vibrations of a producing body, and vice-versa. 
(W, R) 
Sound is produced bJ vibrating matter and is trans-
mitted by matter. (W, R) 
The ratio ot the speeds of light and sound in air is 
the means by which a judgaeat as to the distances of 
the source ot a sound or aLlight may be made. 
Ordinary light is made up ot waves ot many different 
wave lengths and each one is bent, or retraetadi, to a 
different degree, so that the various colors ot which 
the light is composed are spread out in a band of 
colors known as the spectra.. (R) 
The dispersion ot white light into a spectram by a 
prism is caused by unequal refraction ot the different 
wave lengths of ligbt. (W) 
The dimensions of an image produced by a lens or a 
mirror are to the dimensions of the object as their 
respective distances from the lens or mirror are to 
each other. (W) 
Incandescent solids and liquids emit all kinds of 
light and give a continuous spectrum. (W) 
25. 
26. 
28. 
29. 
30. 
31. 
*32. 
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In a plane mirror, a line running from any point on 
the object to the image of that point is perpendicular 
to the mirl'or. (W) 
Light travels in straight lines in a medium of unifor.m 
optical density. (W) 
The intensity of illumination decreases as the square 
of the distance from a point source. (W) 
The colors of objects depend on what light rays they 
transmit, absorb, or reflect. (W, R} 
Parallel light rays may be converged or focused by 
convex lenses or concave mirrorsi diverged by concave 
lenses or convex mirrors. (W, RJ 
When waves pass obliquely from one medium to a denser 
one, they are bent or refracted toward the normal, 
and when they pass obliquely from one mediwn to a 
rarer one they are bent away from the normal. (W, R) 
Whenever an opaque object intercepts rays ot radiant 
energy, a shadow is cast behind the object. (W, R) 
When waves strike an object, any one or more of these 
results will follow: they will be absorbed; they 
will be transmitted, or they will be reflected. (W, R) 
If a beam of ligbt falls on an irregular surface the 
rays of lignt are scattered in all directions. (R) 
An image appears to be as far back of a plane mirror 
as the object is in front ot the mirror, and reversed. 
{W, R) . · 
When white light passes through a substance that 
absorbs same waves and not others, certain bands of 
color are missi~ with the production of an absorption 
spectrum. (W, R) 
When light is incident upon a medium in which it will 
travel faster and when the angle1 of incidence is 
greater than the critical angle, it is totally 
reflected. (W) · · 
The speed ot light in any given substance bears a 
constant relation to the speed of light in air. (W) 
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Electrons are emitted from any su£ficiently hot body. 
(W) 
Electrons change energy levels emitting or absorbing 
energy. (W) 
The darker the color of a surface, the better it 
absorbs light. (W) 
*40. Energy is often transmitted in the for.m of waves. (W) 
*.50. 
Dark, rough, or unpolished surfaces absorb or radiate 
energy more effectively than light, smooth or polished 
surfaces. (W) 
When light rays are absorbed, some of the light energy 
is transformed into heat energy. (W) 
All rays passing through the center of curvature of a 
mirror are reflected upon themselves. (W) 
The swn of the reciprocals of the conjugate focal 
lengths of a lens or mirror equals the reciprocal of 
the principal focal length. (W) 
Waves travel in straight lines passing through a 
homogeneous or unifor.m medium. (W) 
Radiant energy travels in waves along straight linea; 
its intensity at any distance from a point source is 
inversely proportional to the square of the distance 
from the source. (W) 
Each vibrating particle in a wave front of any wave 
motion may be considered as a secondary source of 
spherical wavelets which spread out from their 
sources with the velocity or the primary wave. (W) 
When p~rallel light strikes a concave spherical mirror 
the rays, after reflection, pass directly through the 
principal focus only if the area of the mirror is 
small compared with the radius of curvature. (W) 
In a tube which contains gas at low pressure subject 
to an intense electric field, cathode rays, ·stre~s 
of electrons, move away from the negatively charged 
terminal at high speed. (W) 
A beam of light may become plane polarized as a 
result of any circumstance which results in the 
suppression of one of the rectilinear components of 
the vibration without affecting the component at 
right angles to it. (W) 
*.51. 
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A number of substances will emit electrons and become 
positively charged when illuminated by light. (W) 
When a body which emits a bright-line spectrum is 
moving toward or away from the observer, the lines 
are shifted toward the short or long wave length, 
respectively. (W) 
The curvature of a wave front will be changed a 
given amount by a lens, namely, 1/F. (W) 
Luminous vapors and gases emit only certain kinds ot 
light producing bright-line spectra. (W) 
Atoms or molecules may lose electrons when struck by 
high speed electrons or ions. (W) 
When a stream of high speed electrons strikes a body, 
the atoms ot the body emit x-rays. (W) 
Interview Questions 
4• Questions Used in Interview One.--
1. What have yoa been doing 1n science this year in 
school? An;rth1ng else you can remember about 
science in school? 
2. Do you ever learn about science from television 
or radio? 
3. What books about science have you read? 
What school science books? 
What science books at home? 
What library books? 
4. I am very interested in finding out what you 
know aboat Sound. You are going to study about 
it in school this year, but I want to know what 
you know aboat it already. Tell me,- do you 
know what makes Sound? 
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5. Now~ I'd like to know what you can tell me about 
Light. You are going to study Light this year. 
too. Tell me all you can about Light. 
6. How did you learn these things? 
Questions Used in Interview Two.-- The same 
questions were used in Interview TWo. Questions 4 and 5 
were re-phrased ~or the aeeond interview as ~ollows: 
4• I am very interested in ~inding out what you know 
about Sound. I understand that you have been 
studying Sound this year. Tell me the things you 
remember. 
5. Now. I'd like you to tell me all the things you 
remember about Light. 
6. How did you learn these things? 
5. The Object-Classi~ication Testa.-- Directions ~or giving 
the test: Here on this table are same objects that have 
something to do with Light. and on this table are objects 
that have something to do with Sound. This is really a 
kind o~ science test. but you are not going to write any-
thing. or even tell me anything right now. 
Look at all o~ these things care~ully. You will see 
that some o~ them really belong together. Now. over here 
on this table I have some samples to show you how to do the 
test. Let's look at these ~irst. (Exhibited are a scallop 
shell and a conch shell, a magnet, a caapass, a rabbit's 
toot and a broken mirror). 
I can see two things that go together right away. 
The scallop shell and the conch shell will be partners 
becaase they are both shells. Can yoa see other things 
that go together? Yes, the magnet and the co.mpass, 
beeaaae they both have saaethins to do with magnetism. 
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How about the rabbit's toot and the mirror? They might be 
partners becaase they both have aaaethins to do with super-
stitions. 
Do you understand nov wbat yog are going to do with 
the objects on the other tables, nov? Yes, we are going 
to put thaa in patts. Atter yoa are all done, tell me. 
I shall ask you why JOU put than together the way you 
did. Take all the time you want, and tell me when you're 
all through. 
6. Example of Interviews Before and After the Teaching 
Period 
The pupil interviewed is a mamber of Grade five in 
School A. (This child may be considered superior 
1n science.) 
Interview One (Before Instruction) 
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Question: "Wbat have you been doing in science this year 
111 ichool? 
~ell, I learn a great deal more science actually outside 
of school; you see I live near a woods and while we are 
not a bird-watching family, we do enjoy seeing new birds 
and feeding them. My sister has a hobby of collecting 
butterflies. At Cape Cod we both collect shells, although 
that is not an actual hobby of mine." 
Question: "Anything else you can remember about science 
in school?" 
"Well, like I said, we don't do much science in school. 
Now I like to go fishing for tuna; I know quite a bit 
about fish; same of them have very clever camouflage, 
like a plaice fish." 
Question: "Do you ever learn about science from television 
or radio?" 
"Yes, I look at television, but I learn more science from 
books. I have one favorite book. It 1 s called, Science Is 
Fun. There are many experiments 1n it and we do them. I 
dOn't listen to radio very much." 
Question: "What books abot:tt science have you read?" 
"I read a lot at home; we have a great many books on 
science subjects; my sister likes it too, and we have lots 
of fun doing experiments out of books." 
Question: ttwhat school science books?" 
"oh, we don't have any science books at school. My sister 
lets me read hers. She is older than I am and she reads 
very diffict:tlt books." 
Question: "What library books?" 
"No, I don 1t take them. We have lots of science books at 
home." 
Be 
Question: "I am very interested 1n finding out what you 
know about ~· You are going to study 
about it in school this year, but I want to 
know what you know about it already. Tell 
me, - do you know what makes Sound?" 
"Sound is caused by something vibrating. It travels in 
waves like light does only much slower; you can hear how 
slow the thunder is; then there are all kinds of sounds 
like high and low, and loud and soft, and pretty and 
noisy." 
Question: "Now, I'd like to know what you can tell me 
about Light. You are going to study Light 
this year, too. Tell me all you can about 
Light." 
"Light travels in waves and as I said, it travels faster 
than sound, We need light to live, and everything needs 
light. Plants would die without it. Then there's the 
light you need to see correctly. .If you can't see, you 
wear glasses. We have a prism at home and that makes 
rainbow colors." 
Question: 8 How did you learn these things?" 
"From books I learn about science, and then my sister 
helps me, and we talk science at home. We 1re a science 
family, I guess." 
Interview Two (Arter Instruction) 
Question: "What have lou been doing in science this year 
in school? · 
"We•ve been doing a lot of science and especially studying 
Sound." 
Question: "Anything else you can remember about science 
in school?" 
"Well, the first and moat basic thing we learned is that 
sound is vibrating motion, and it you pluck on let us say 
a violin string you will get a very high_ sound if the 
string is tight and if the string is not tight you will 
get a lower tone; sound would be always with you unless 
you get out into a fog-country or something where there 
is absolutely no wind; there are lots and lots of ways 
you can produce sound ••• you can blow a horn or pluck a 
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violin string or close a door.... There are so many ways, 
you are almost producing sound every moment of your life; 
sound is quite interesting; it has a lot of things in it; 
sound you can make louder or softer by certain ways with 
an amplifier or with something else, or if you use a 
megaphone. Some people at auctions use a megaphone to 
make their voices louder, and sometimes they use a micro-
phone which they can turn up or they can turn down accord-
ing to how loud they want their voices when they talk to 
the crowd; a tape-recorder is quite an interesting thing 
too; you speak and the sound goes onto the tape, I 1m not 
quite sure how, but somehow the sound goes onto that tape 
and when you play it back you hear the sound. Sound does 
quite a few things. One very interesting way that nature 
provides sound is in a thunder stor.m when lightning splits 
the air~ ••• tbe air coming back together again with such 
tremendous force makes.a loud noise which is commonly 
known as thunder; and it 1 s not really clouds bllll'lping 
together that makes it; it's the air coming back together 
after it's split; it's quite soaething; the wind blowing 
through telephone wires or something like that, or on a 
windy day and you hear a whistle, that's the wind goi~ 
through the wires which produces a kind of high noise. 
Question: -no you ever learn about science from television 
or radio?" 
"Not from radio, but I do watch a program sometimes called 
Watch Mri Wizard on T. v. and he bas told a lot of things 
about sc ence such as Lisht, ~ and many other things. 
Channel 2, the educational cbiDDir, has had several inter-
esting things." 
Question: -what books about science have you read?" 
"The situation is quite good. We have a Richards Topical 
Encyclopedia and instead of how .oat encyclopedias are 
arranged, it's arranged 1n various topics such as science, 
social studies, history and things like that, and in the 
science section there are quite a few interesting things 
about plants and animals and Light and Sound and all those 
other things." 
Question: ~at school science books?" 
~e have had new science books this year with interesting 
reading in science." 
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Question: "What library books?• 
"I talk more with my sisters about science than I do with 
anyone else. We have good books at home, so I don't need 
too many others. I did became a aeaber of Junior Audubon 
Society; they haven't sent me anything, and I don't know 
their address.• 
Question: "I am very interested 1n finding out what you 
know about Sound. I understand that you have 
been st1.1dying SOtmd this year. Tell me the 
things you. remDlber. • 
"Sound is vibrating as I told yo1.1, and sound is different 
types of vibration; if the so1.1nd is not vibrating evenly 
you don't get such a pretty noise; if it's a steady sound 
su.ch as a horn or a bell it usually sounds fairly pretty 
although there are some not so pretty sounding bells; 
sound is produced in many different ways such as if you 
blow on a horn that has a reed in it, the reed vibrates 
from your breath, and most reeds make a very definite 
sound, but in a bell the clapper hits the bell which pro .. 
duces that ringing noise you. get from a bell, and if you. 
strike a t1.1ning fork and then put it down on the table 
the right way yo1.1 get the noiae ••• the tuning fork only 
gives a definite sound too •••• • 
Question: "Now, I'd like you to tell me all the things 
you remember about Light." 
"There are two kinds of light. There's luminous light; 
if a light is luminous it is producing light of its own 
accord; the sun is luminous and the other kind is things 
that are reflecting the light of the sun down to the 
earth and we can see the moon; those are the two main 
classifications, but there are also a co1.1ple of other 
kinds of light such as when light will do quite a few 
things when It is bent or retracted, such as it you bend 
it through a priam you will see, it you do it right, the 
colors of tbe rainbow will come through and that is quite 
something to see; the light going into the prism and going 
out as the colors of the rainbow. It is something. If 
something is transparent, it is only letting a certain 
amount of light through. A light bulb is translucent; it 
doesn't let all the light it has out; if something is 
transparent it can be seen right through so it's letting 
all the light through; if something is opaque, it doesn't 
let any light through, particularly if something is really 
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completely opaque or i~ it is just dark black. There are 
all kinds o~ colors but the main colors are the colors o~ 
the rainbow and the order o~ those starting in order rrom 
the one that is the least bent is red, orange, yellow, 
green, blue and purple; they are the colors o~ the rain-
bow; the two things that are not colors are white and 
black; white is.re~lecting all colora, since when it is 
bent it becomes the colors o~ the rainbow, and black is 
absorbing all o~ the colors; neither o~ them are colors. 
If something is opaque and a bright light is shining at 
it, and like on a bright day tbe tree is shining in the 
way of the sun, you will see the tree's shadow. The 
length of tbe shadow depends upon how far up or down the 
sun is. I~ the sun is quite far down, the shadow will be 
quite long, and if the sun is almost at noontime, there 
will be a very amall shadow; light magnification is quite 
interesting, toe; there are quite a few ways to magnify 
it such as a microscope and a telescope and glasses which 
are all used for specific uses; a microscope is usually 
used to make things look bigger, such as if you look at a 
hair through a microscope it will seam quite a blt bigger. 
A telescope is usually used for looking at the stars and 
the planets and so rorth, and a hand lens is just used to 
make things tbat you have bigger, not just particularly 
bigger, but to magnify them. Eye-glasses are used for 
seeing dif~iculties; let's say you were near-sighted, 
then you would have some glasses which magnify ••• that 
seems to make things bigger. Light is quite interesting." 
Question: "How did you learn these things?" 
"Well, there are quite a few such as I learned about 
intra-red light by going ahead in my science book. We 
were reading something on light and I finished it and I 
went on and read about infra-red; and I learned from 
books, and from class, and sometimes from my sisters and 
my parents. My sisters are not really interested ••• that's 
not a speci~ic field, but they do know something about 
science. School gets me interested in science but I 1ve 
always liked it." 
7. Models Used in Object-Classification Test 
Sound 
Tuning fork and Bell 
Tonette and Recorder 
Horn and Reed 
Bat and Dog Whistle 
Ear Muffs and Insulation 
Toy Telephone and Stethoscope 
Violin Bow and Carpenter's File 
Sea-Shell and Gallon Jug 
B. Models Used in Object-Classification Test 
Light 
Translucent Light-Bulb and Waxed Paper 
Mirror and Bicycle Reflector 
Microscope and Telescope 
Prism and Paint-Set 
Camera and Eye-Model 
Diver's Goggles and Cellophane-Wrapped Package 
Spectacles and Baa&~aas 
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9. Categorical Responses. Answers for analogues derived 
from cooperative analysis.-- A hierarchy of responses was 
built, based on the respomes of the children to the 
object analogies. The hierarchy was built with the aid 
of Dr. Edward Rawson, a member of the starr of Lincoln 
Laboratories, Massachusetts Institute of Technology. 
Dr. Rawson holds a PhD. in physics from Yale University, 
and has written widely in the field of Microwave 
Spectroscopy. 
The numbers in parenthesis indicate the rating given 
the responses by the writer in collaboration with nr. 
Rawson, after the tapes had been transcribed verbatim. 
The number two (2) represents a perfect score; one (1) 
indicates a correct pairing ot models and same idea of 
the reason for so doing. 
SOUJD 
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10. Correct answers for analosnes ••• derived from cooperative 
analysis 
Tonette and Recorder 
There is a column ot air that is changed as you 
finger it and that makes the different tones. (2) 
They are played the same way, by blowing and 
fingering. (2) 
They are both played the same way. (1) 
You have to blow air into both of them. (1) 
You blow them and the music comes out. (1) 
Sea-Shell and Jug 
The sea-shell and jug are hollow and that 
makes the sound waves louder. (2) 
The sound inside ot them is made by the blood 
in the capillaries ot the ear, and is reflected 
by the ear-cover. (2) 
You listen to them and the air is trapped in 
them and it sounds louder. (1) 
It's something like a megaphone. The air-waves 
are in a small space. {2) 
They have the same sound. (1) 
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Horn and Reed 
The horn has to have something moving in it to 
make sound and so the reed is what it needs to 
make vibration. (2) 
The horn is blown by having a reed in it, and 
the reed vibrates. (2) 
When you put the reed in the horn and blow 
against it, a sound will come out. (2) 
The horn has a reed in it, and this is a reed 
too. (1) 
Tuning Fork and Bell 
Both have a fixed pitch. (2) 
They both have only one note. (2} 
They both have only one pitch. (2) 
They make the same sort of sound. (1) 
They both have a bell-like sound. (1) 
Violin Bow and File 
You use them the same way; rub them over 
something which has to vibrate. (2) 
The violin bow and file make a sound by 
rubbing. (2) 
They both make a noise when you scrape them 
against something. (2) 
They both vibrate and this makes sound. (1) 
Ear.mutts and Insulation 
They block out sound as well as cold. (2) 
Insulation keeps heat and cold out and sound 
too, and so do tbe ear.mutfs. (2) 
They block out sound. (2) 
You can't hear good through either ear.mutfs 
or insulation. (1) 
They both absorb sound. (2) 
Telephone and Stethoscope 
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They both have a membrane which vibrates. (2) 
They both have something in them that vibrates 
fast. (2) 
In their inner parts they vibrate. (2) 
They both can be heard with the ear. (2) 
There is something in the stethoscope which 
is on the same principle as the telephone 
receiver. (1) 
Bat and Dog Whistle 
The bat uses radar so he won't bump against 
the walls and he does it by high screams which 
are super-sonic and the dog whistle is super-
sonic, too. (2) 
The bat operates on a high-frequency principle, 
and so does the dog whistle. (2) 
They both give sound over the human hearing 
range. (2) 
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LIGHT 
£orrect answers tor analogues ••• derived from cooperative 
anal:rsis 
Spectacles and Hand lens 
They are both lenses. (2) 
They both help you to see. (2) 
They both help you to see better. {2) 
Mirror and Bic:rcle Reflector 
They are both reflectors. (2) 
Light bounces ott them. (2) 
It sun or light hits them, they reflect. (2) 
The bicycle reflector acts like a mirror. (2) 
They have something to do with the reflection 
of light. (1) 
The light comes to them the same way. (1) 
Transparent Package and Goggles 
They are not lenses - just glass or 
transparent. (2) 
They are both transparent. 
You can see through them. 
{2) 
(2) 
Microscope and Telescope 
They make things bigger. (2) 
They magnify things. {2) 
They make little things bigger. (2) 
They both bring things nearer. (2) 
Brings it up close. (2) 
They help you to see things better. (1) 
They help you to see. (1) 
Translucent Light bulb and Wased Paper 
They are both translacent. (2) 
Some light can go through. (2) 
They aren't transparent. (2) 
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One is glass and one is paper, but light can't 
get all the way through. {2) 
They are something like a lens but you can't 
see so good. (1) 
Camera and Eye 
The picture is upside down in both cases, but 
the brain tells the eye what it sees. (2) 
The eye and the camera are made somewhat 
alike. (1) 
The eye sees a picture and the camera does 
too. (1) 
The camera works very much like the eye. (1) 
The camera and eye both can blink. (1) 
Th~ both take pictures. (1) 
They both have lenses. (1) 
Prism and Paint Set 
The colors show up because all of these colors 
are really in white light. (2) 
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The light that goes through a prism is 
refracted (or bent) and shows colors and these 
colors are the ones in the paint-set. (2) 
The prism shows rainbow colors and so the 
paint-set has them, too. (1) 
You can see through the prism and see the 
colors and they are like the colora· in the 
paint-set. (1) 
11. The Multiple-Choice-Word-Classification Test: Words 
relative to the study of Light and Sound were taken from 
seven basic elementary-science textbooks, from Grade 7 
science textbooks t~h college advanced physics texts. 
The Francis D. Curtis Science Word Criteria were used 
on the initial compilation of words, and the final sampling 
of the lists constituted 77 words. These words composed 
then the Multiple-Choice-Word-Classification Test, and was 
administered to two groups of fourth, fifth and sixth 
grade pupils. Group A was given the test twice with no 
inter.mediary special training. Group B was given the test 
once. Table 1 below indicates reliability by grade and 
combined grades. 
!/Francis D. Curtis, Investigations of Vocabulary in 
Textbooks of Science for Secondart Schools, Ginn and Co., 
1938, PP• 53-55. 
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Table 1. Multiple-Choice•Word Classification Preliminary 
Test for Reliability Showing Means for Test 1 
and Test 2 
Group A 
Test 1 Test 2 e a ;y R li bilit 
Grade N Mean Ral)ge Mean Ra__ng_e Test-Re-Test 
4 ••••••• ~* 23.4 7-40 23.2 7-40 s ....... 35.0 23-45 33.6 19-~9 6 ••••••• 25 41.5 27-58 41.4 25- 0 Combined •• 15 33·3 7-58 32.7 7-60 
Table 2. Reliability by grade and combined grades for 
Multiple-Choice-Word Classification Test Using 
Odd-Even Technique 
Group B 
Reliability 
Grade N Mean Odd-Even 
4 ••••••••••• 27 35.6 
·11 5 ••••••••••• 21 42.0 .91 
6 ••••••••••• 21 44·4 .86 Combined •••••• 15 40.4 .88 
.99 
.eo 
.92 
.95 
Two basic purposes were served by this procedure. The 
first was that it gave a prel!minarJ indication of the 
reliability of the test scores. Both the test-retest and 
odd-even methods of testing reliability were employed. The 
odd-even technique gives some indication of the internal 
consistency of the test: a measure of the equivalence or 
two halves of the same test. Table 2 indicates this 
technique. Since this measure is, basically, a measure of 
the reliability of half of the test, the Spear.man-Brown 
-
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Prophecy For.mula was used to estimate total test reliability. 
The test re-test technique gives some indication of the 
stability of the test scores, that is, a measure of the 
dependability of the test scores over a period of time. 
The second purpose served by this pre-testing pro-
cedure was to determine whether or not there were any 
significant practice effects. We wished to discover whether 
or not simply taking this test a first time produces any 
systematic changes in score on a second testing. One might 
have obtained a high test re-test correlation even if there 
had been significant practice effects, provided that the 
rankings of the individual pupils remained relatively 
constant. To test for this, the means for test one and 
test two were compared. Since none or these differences 
were significant we can rule out any possibility or prac-
tice effects. 
CHAPTER IV 
ANALYSIS OF DATA 
Introduction.-- The purpose of this study was: (1) to 
investigate how children in the intermediate grades of the 
elementary school learn science concepts and principles in 
the areas of Light and Sound before and after a planned 
teaching program in those specific areas; (2) to investi-
gate the level of understanding of the concepts and prin-
ciples before and after instruction, and (3) to determine 
by means of certain instruments whether socio-economic 
background and intelligence are related to learning. The 
data were analyzed to answer the following ten questions: 
(1) Does performance on the various tests increase 
following the special training procedure? 
(2) Is performance on the various tests, both 
before and after instruction, a function of 
the grade of the pupil? 
(3) Is performance on the various tests, both 
before and after instruction, a function of 
the general socio-economic status of the 
school? 
(4} Is performance in the various tests before 
and after instruction a function of the 
difference in sex? 
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(5) Is the amount of improvement in performance for 
the four different tests a function of the 
grade of the pupil and/or the general socio-
economic status of the school? 
(6) Is there a significant statistical interaction 
between grade and social status, so that the 
effects of variations in grade are a function 
of variations in social status? 
(7) What are the interrelationships in performance 
among the various tests following the special-
ized training procedure? (Do pupils who score 
high on one test also tend to score high on the 
other tests, and do the low scoring pupils on 
one test tend to score low on the other tests?) 
{8) What are the gains in concepts as measured by 
the Object Classification Tests in Sound and 
Light? 
(9) What indications are there of increased interest 
and participation 1n carry-over after instruction? 
What are the sources of science information which 
children use? 
(10) Which of the science principles regarding Light 
and Sound, presumed to be suited to elementary 
school level, were understood by the children 
before and after instruction? 
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Instruments Used 
The Multiple Choice Word Classification Test.-- This test 
was originated by the writer, and consisted of 77 words related 
to the study of Sound and Light taken from the seven basic 
elementary science texts, plus words also from Grades 7 through 
12 physical science textbooks as well as from college advanced y 
texts. The Francis D. Curtis criteria investigating true 
science vocabulary were used, and, to determine reliability, 
the test was administered to 150 children in the intermediate 
grades of elementary schools in the greater Boston area. & 
reliability of .88 and .95 was estimated by employing the test 
re-test and split-half methods. y 
The Oxendine Sound Teat. -- This test, which has a 
reliability of .77, was used as a means of examining the 
child's knowledge in the area of Sound before and after 
instruction. 
The Object Classification Tests.-- There has been no 
attempt to establish reliability on these tests. Over 120 
models were considered and used with intermediate grade 
children before the final 30 were chosen for the testing 
material. The children were asked to pair the items and to 
explain to the examiner the reason for the particular associa-
tion. These responses were tape-recorded and later 
1/Francis D. Curtis, Investigations of Vocabulary in Text-
books of Science for Secondary Schools, Ginn and Co., 1938, 
pp. 54-55. 
g/Herbert Oxendine, Grade Placement of the Physical Science 
Principle: "Sound Is Produced by Vibrating Materialw in 
Relation to Mental Ages. Unpublished Doctoral Dissertation, 
Boston University, 19$3. 
97a 
transcribed and analyzed for pupils' concept-level and 
understanding of scientific principles. Table 14 indicates 
that performance on Objeoj Classification in Sound is differ-
entiated with regard to the general socio-economic status of 
the school both before and after instruction. In regard to 
grade, Table 15 indicates that the grade of the pupil is 
related to tbe absolute level of performance on this test 
before instruction, while after instruction there is a dif-
feren$iation among grades. 
In regard to the scores in the Object Classification 
Test in Light (Table 16) performance on the test was differ-
entiated with regard to the general socio-economic status 
before instruction. However, performance on this test was 
not differentiated consistently on either grade or socio-
economic variables. 
In the Object Classification Test in Sound, the par cent 
of gain after instruction was 250 per cent; in the Object 
Classification Test in Light, the per cent of gain was over 
260 per cent. 
Validity indications.-- There were no criteria against 
which the tests used in this investigation could be evaluated, 
so the validity of the instruments used had to be measured by 
the pupil responses to them. Since there exist, at this 
time, very little testing material in elementary school 
science, this situation was clearly recognized at the onset 
of this experiment and the study was designed to aid in 
supplying tb4s felt need. 
The Otis Quick-Scoring Mental Ability Tests, Beta 
Test, Form A:-- This test was administered to the pupils 
o~ this study by the examiner. Results were used to 
establish essential normality and statistical similarity 
o~ grade and school groups. Table 3 helow reports the 
means and standard deviations bJ grade and school. 
Table 3· Otis I.Q. Scores: Means and Standard 
Deviations by School and Grade 
Grade School :1 Mean S.D. 
A 11 114.6 9.i 4 ••••• B 9 111.8 15. 
c 9 105.1 7.3 
A 16 113.6 10.8 
s ..... B 13 97.8 15.8 
c 11 102.0 7.9 
A 21 113.3 11.1 
6 ••••• B 11 108.8 7.2 
c 17 94.1 13.2 
Table 3 indicates that there are no signi~icant 
dit~erences among grades with regard to intelligence. In 
regard to school comparison, at all grade levels, School 
A presents the highest I.Q. scores. 
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Table 4• Otis I.Q. Scores: Means and Standard Deviations 
by Grade 
Grade N Mean S.D. 
4··· 29 110.8 11.5 5 ••• 40 105.2 13.8 
6 ••• 49 105.6 14.0 
Table 4 indicates that when the pupils of this study 
were grouped according to grade. there appears to be no 
significant .difference with regard to intelligence. 
Table 5. Otis I.Q. Scores: Pupils Classified·According 
to Socio-Economic Group 
-
Socio-
Economic 
Group _ N Mean s.n_. 
High ••••• 81 110.3 12.9 
Low •••••• 37 99.1 11.4 
Table 5 indicates tbat there is a difference between the 
intelligence level of the two socio-economic groups. 
However. the two mean scores lie essentially within the 
range of normality. 
The analysis of variance for the I.Q. scores will be 
found in the appendix of this study. 
The balance of this chapter will present the methods 
used in answering the ten questions given at the beginning 
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of this chapter, the rationale for these procedures, and 
the results obtained. 
1. D~s performance on the various tests increase 
following the special training procedure? The results of 
the training of the 118 pupils in this study are reported 
in Tables 6 through 17 in this chapter. There were no 
reversals in score for all of the pupils. From the means 
of all of the four tests we may accept without reservation 
the hypothesis that performance on these tests will 
increase as a function of the training procedure. The 
differences between the means of low and high social-
status students on the pre-tests, and the means of low and 
high social status students on the post tests were not 
significantly different. 
2. Is performance on the various tests, both before and 
after instruction, a function of the grade of the pupil? 
The answer to this question as well as to question 5 was 
obtained through an analysis of variance. In the analysis 
of variance procedure, we are testing the statistical 
hypothesis that several independent samples have been 
drawn from a common population. (In the t-test we make 
the statistical hypothesis that two independent samples 
have been drawn at random from a common population.) If 
we accept this hypothesis (referred to as a Null Hypothesis) 
than we are accepting the fact that our samples are not 
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significantly different and that any difference among our 
samples which we have found are within the limits of 
sampling error. Li¥ewise, if we reJect this hypothesis, 
then we are accepting the fact that there ~ significant 
differences among our samples. (Table 6) 
The analysis of variance procedure consists in obtain-
ing two independent estimates of the population variance. 
The first estimate is referred to as the error variance, 
and it is a measure of the uncontrolled variation among 
subjects treated alike. The second estimate is referred 
to as the among groups variance, which is a measure of 
the variation between groups of subjects treated differ-
ently. If there are no differences among the groups of 
subjects treated differently, then we should expect no 
differences between these two estimations of population 
variance. 
The F Ratio is the measure of discrepancy between 
these two estimates of the population variance. 
F = among groups variance 
within groups variance (error variance) 
If the numerator is significantly larger than the 
denominator, then we will reject the statistical hypothesis 
that there are no differences among the groups. aowever, if 
the numerator is not significantly larger than the denomina-
tor, then we may say that the obtained differences were 
smaller than the sampling error and hence did not per.mit 
rejection of the null hypothesis. (If the probability 
of obtaining an F ratio 
~oston Universit~ 
:School of Educatio,a 
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as large as the one we have obtained is .05 or less, then 
we shall consider that the means do differ significantly. 
If the probability of this F ratio is greater than .o5 
then we shall consider that they do not differ signifi-
cantly.) 
In this study there are two sets of groups in which 
we are interested: grades {intermediate grades, 4, 5 and 
6) and social class (high and low), also considered in 
question three following. 
(a) The F ratio for 
(b) The F ratio for 
srades is amont grades variance 
with n groups variance. 
social class is 
between social class variance 
within groups variance. 
(c) The F ratio for the interaction between grades 
and social class is 
grades x social class variance 
within groups variance. 
These three F ratios have been obtained for each of 
the four tests. They have been obtained separately for 
the scores prior to training, those £2llowing training, 
and on the difference scores. 
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Table 6. The Relationship between Grade and Performance 
on all Tests Prior to and Following Instruction 
F.o.s 
Word Classification 
Test ••••••••••.••••••••••• 3.09 
So~d Test •••••••••••••••• 3.09 
Object Classification 
{Sound) ••••••••••••••••••• 3.09 
Object Classification 
(Light)••••••••••••••••••• 3.09 
*Significant at the .05 level 
i:--::-Significant at the .01 level 
Test 1 Test 2 
F F 
3.67* 6. 79-r.-i: 
-
3.74-r.· 
5.47* 3 • .s.si~ 
- -
If we ask what the relationship is between the degree 
of improvement and the grade of the pupil, we may answer 
by saying that for the four tests used, only the Sound 
Test shows any significant differences in improvement 
related to the grade of the pupil. (If the F was less 
than one, the figure was not reported.) 
3. Is performance on the various tests, both before and 
after instruction, a function of the general socio-economic 
status of the school? 
Table 7. The Relationship between General Socio-Economic 
Status of the School and Performance on all 
Tests prior to and Following Instruction 
Word Classification Test •••••••• 
Sound Test •••••••••••••••••••••• 
Object Classification (Sound) ••• 
Object Classification (Light) ••• 
*Significant at the .o5 level 
iH:-Significant at the .01 level 
F.o.s 
3e94 
3·94 
3·94 
3·94 
Test 1 Test 2 F F 
-
6.55* 
13.38-!:· :tl.l4* i 
8.30~· !3.1.49* -: 
15.14* -:z.. -
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If we ask whether or not papils from a relatively high 
social status school improve more as a result of training 
than pupils from a relatively low social status school, 
then, in general, the answer is "no." Of the four tests 
used, none shows any significant difference in improvement 
which can be related to the general socio-economic status 
of the school. This implies, then, that children can 
learn certain science concepts regardless of the type of 
social community in which they live. 
Table 8. Mean Scores for 51 Boys and 67 Girls on the Four 
Basic Tests before and after Training 
Test 1 Test 2 
Bo_ys Girls Bo:vs Girls 
Word Classifi-
cation Test •••• ·. 43.25 41.54 58.82 56.67 
Sound Test ••••• 15.04 14.22 17.10 17.57 
Object Class!-
fication 
(Sound) •••••••• 2.53 2.06 6.31 6.33 
Object Class!-
fication 
(Light) •••••••• 1.59 1.79 5.98 6.85 
4• Is perfor.mance in the various tests, before and after 
instruction, a function of the differences in sex? There 
is no appreciable difference in the scores of any one of 
the four tests given before and after instruction in the 
areas of Light and Sound which we may attribute to the 
factor of difference in sex. In the Word Classification 
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Test, the boys and girls gained equal amounts after 
training. In the Sound Test, the girls evidenced a very 
slight improvement over that of the boys in the post-test. 
In Test 1, prior to instruction, the boys scored 
higher on the Word Classification Test, the Sound Test, 
and the Object Classification Test in Sound. After 
instruction, the boys scored higher than the girls in 
only one test: Word Classification. 
Since by inspection the scores of the boys and girls 
were almost identical, we are not able to draw a definite 
conclusion that one sex will do significantly better on any 
ot the various tests than the other sex, either before or 
after instruction. 
Scores Considered Perfect.-- When considering the 
means in Table 8, we must also consider the perfect 
score tor each of the tour tests. In the Word Classifi-
cation Test, 77 items marked correctly constitute the 
perfect paper; the Sound Test has 25 items, with each 
item receiving a grade of one it answered correctly. 
The Object Classification (Sound) has 8 pairs of items, 
and since the highest possible score on each pair is 
two, the perfect score on this test would be s~teen. 
In Object Classification (Light) there are seven pairs 
ot models, so that the highest score on this test would 
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be fourteen. The hierarchy of responses for these last 
two mentioned tests is explained in detail in Chapter 3 
of this study. 
5. Is the amount of improvement in performance for the 
4 different tests a function ot the grade of the puP!! 
and/or the general socio-economic status of the school? 
Table 9. The Relationship between General Socio-Economic 
Status and Grade ot Pupil to the Amount of 
Improvement in Perfor.mance for all Tests 
Socio-Economic 
Grade Status 
F.os F F.os_ F 
Word Classification 
Test ••••••••••••••• 3e09 
- 3·94 2.34 Sound Test ••••••••• 3.09 4.50* 3-94 
-Object Claasitica-
tion {Sound) ••••••• 3.09 
- 3·94 2.48 Object Claasitica-
tion (Light) ••••••• 3.09 
-
3.94 3·31 
*Significant at the .o5 level 
In regard to the relationship between the degree of 
~provement and the grade or the pupil, or the four teats, 
used, only the Sound Test shows any significant differ-
ences in improvement related to the grade or the pupil. 
The following 8 tables indicate the range and means 
ot the four tests. 
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Table 10. Mean Scores on Word Classi~ication Test Before 
and After Instruction According to Socio-
Economic Statua by Grade and Combined 
High 
Social 
Group 
Low 
Test 1 Test 2 Diff. Score 
K Mean Ran e* Mean Ran •* Mean Ra e* 
17-61 
17-57 
18-62 
*Highest possible score: 77 
Table 10 indicates that the differences between the 
means of ~ and high social-status students on Teat 1, and 
the means of low and high social-status students on Test 2 
were not statistically different. 
Table 11. Mean Scores on Word Classification Test Before 
and After Instruction by Grades 
Test 1 Test 2 Diff. Score 
N Mean Ra.A&e* Mean Range* Mean Ran_g_e* 
Grade ~ 29 39.1 17:i7 54.8 34-71 15.8 1-38 40 41.4 17 3 55.9 34-71 14.6 1-40 6 49 44·9 16-62 60.6 45-71 15.7 1-33 
*Highest possible score: 77 
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Table 11 indicates that the grade of the pupil is 
related to the absolute level ot performance on this test 
both prior to and following instruction. The higher the 
grade. the better. then. the perfor.mance on this test. 
Table 12. Mean Scores on Sound Test. Before and After 
Instruction, According to Socio-Economic 
Status by Grade and Combined 
Dirt. 
Gra e N e* Mean 
10-19 17.3 2.2.5 
High 11-19 17.2 2.10 
12-l 18.8 
Social 
Group 
Low 
cam-
bmed 3fl 13·3 16.3 11•21 2.97 
*Highest possible score: 2.5 
o-6 
0-7 
o-8 
0-9 
Table 12 indicates that on the Sound !!!11 before and 
after instruction. there was no significant ditfe:t'ence 1n 
improvsment related to the general socio•econamic status 
of the school. 
Table 13 indicates that the grade ot the pupil is 
related to the level or pertor.mance after instruction. 
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Table 13. Mean Scores on Sound Test, Before and After 
Instruction, by Grades 
Grade ~ 6 
High 
Social 
Group 
Test 1 Test 2 Diff. Score 
N Mean Ran_g_e* Mean ]tan_g_e* Mean Hange* 
29 14.3 .5-19 16 • .5 11-22 2.24 o-8 
40 14.8 9-19 17.2 13-22 2.~2 0-7 
49 14 • .5 8-19 18.0 11-25 3· 9 0-9 
*Highest possible score: 25 
Scores on Object Classification (Sound) Before 
and After Instruction, According to Socio-Economic 
Status by Grade and Combined 
Test 1 Test 2 Diff. Score 
Grade N Mean R~ge* Mean Range• _!!ean ~n_g&* 
4 20 1.9.5 0-.5 6.4.5 2-11 4 • .50 1-9 
5 29 2.10 0-13 6.03 0-16 3e93 9-10 6 32 3.53 0-1_1 8.03 _1.!-Jll _4.50 1-8 
Com-
bined 81 2.63 0-13 6.93 0-16 _k._3_0 o-10 
~ li ~='~ 0-2 3·?~ 1-7 3.00 o-o o-i ~:-~ 2-9 4eOO 0-7 6 17 1.9h o- 1-1_5 3.53 0-9 Com-
b:fned 37 1.46 0.-6 s.oo 1-1.5 3 • .54 0-9 
*Highest possible score: 16 
Table 14 indicates that performance on this test is 
differentiated with regard to the general socio-economic 
status of the school both before and after instruction. 
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Table 15. Mean Scores on Object Classification Test 
(Sound) Before and After Instruction by Grades 
Test 1 Test 2 Diff. Score 
N Mean Range* Mean Range* Mean Range* 
~ 29 1.52 o-5 5.5 1-11 4·03 0-9 Grade 40 1.92 0-13 5.88 0-16 3-95 0-10 
6 49 2.98 0-13 7.14 1·15 4.16 0-9 
*Highest possible score: 16 
Table 15 indicates that the grade of the pupil is 
related to the absolute level of performance on this test 
before and after instruction. 
Table 16. Mean Scores on Object Classification Test (Light) 
Before and After Instruction According to Socio-
Economic Studies by Grade and Combined 
Test 1 Test 2 Diff. Score 
Grade N Mean Ra!!Se* Mean Range* Mean Range* 
~ 20 1.5 o-8 6.2 2-11 4.6 0-10 High 29 2.3 0-12 6.1 0-14 3·8 0-12 
6 ,32 2.,2 o-6 1·.3 2-lJ y.8 0-1.3 Social Com-
Group bined 81 2.2 0-12 6.6 0-14 t·4 0-1.3 ~ 9 o.9 o-2 5.6 2-9 1-7 ·1 Low 11 o.6 0-3 6.3 2-11 5.6 1-11 
6 17 o.6 0-.2 6.5 1-1.3 2·9 1-12 Com-
bined 37 0.7 o-5 6.2 1-13 5.5 1-12 
*Highest possible score: 14 
Table 16 indicates that performance on this test is 
lll 
differentiated with regard to the general socio-economic 
status prior to instruction. Performance on this test 
is not differentiated consistently on either the grade 
or socio-economic variables. 
Table 17. 
Grade i 
Mean Scores on Object Classification Test 
(Light) Before and Atter Instruction by Grades 
Test l Test 2 Diff. Score 
N Mean .Han«•* _M_.an Rarute* Mean l!_ange* 
29 1.~ o-s 6.0 2-ll 4·7 o-10 40 1. 0•12 6.2 o-14 4·.3 0-12 
49 1.8 0~ 7.0 l-1.3 5.2 0-1.3 
*Highest possible score: 14 
Table 17 indicates tbat performance on this test is 
not differentiated consistently before instruction with 
regard to grade; neither is it differentiated after 
instruction with regard to grade. 
6. Is there a significant statistical interaction between 
grade and social status, so tbat the effects of variations 
in grades are a fanction of variations in social status? 
Although grade and social status are not related to 
the amount of tmprovement on the various tests. they are 
related to the absolute level of performance on these 
tests both prior to and following instruction. Perform-
ance on the Word Classification Test and the Object 
112' 
Classification (So~d) is differentiated with regard to 
grade prior to training, and perfor.mance on these tests 
in addition to performance on the Sound Test is differ-
entiated with regard to grade following training. 
Table 18. Interactions between Grade and General Socio-
Economic Status prior to Training, following 
Training, and with regard to Improvement for 
all Pupils 
Teat 1 Test 2 Dirt. 
F~os F F F 
Word Classification 
Test ••••••••••••••• 3.09 
-
3.2&a-
-Sound Test ••••••••• 3.09 
-
2.49 
-Object Clasaitica-
1.04 tion (Sound) ••••••• 3.09 2.03 
-Object Classitica-
tion (Light) ••••••• 3.09 
- - -
*Significant at the .05 level 
7• What are the interrelationships in performance among 
the various te•ts following tbe specialized training 
procedure? 
We question here whether or not performance in one 
test is related to perto~ance on the others. Do those 
pupils who tend to make a high score on one test also 
tend to score high on the others? Do those who score law 
on one test also tend to score low on the others? The 
major concern is with how these performances correlate 
following the instr~ctional proced~e. The Pearson 
Product Moment Correlation is used as the meas~re of 
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correlation between test scores. In addition to these 
correlations between tests, we have also obtained the 
correlations between test scores and scores on the Otis 
Q~ick Scoring Mental Ability Tests, Beta, For.m A. The 
res~lts of this analysis are presented in Table lint~••n• 
Table 19. Intercorrelations of Test Scores Following 
Training and I.Q. Scores 
Snd. o .c.T. o.c.T. Otis 
w.c.T. Test Lit.tht Sound I._q_._ 
Word Classifica-
tion Test ••••••• 
-
·32 .31 .32 .30 
Solllld. Test •••••• .32 
-
.21 .30 
·37 Object Classi-
fication(Light). 
·31 .21 
-
.49 
·43 Object Classifi-
cation (So~nd) •• 
·32 .30 ·49 
-
.49 
Otis I.Q. .30 ·37 ·43 ·49 
-
Abbreviations for test names have been ~sed as headings for 
the five vertical columns. Thus, w.c.T. refers to Word 
Classification Test; ~ to Sound Test, and o.c.T. to 
Object Classification Tests. 
All tests are significantly related to one another 
and to intelligence is indicated by the tact that all of 
the above correlations are significantly greater than 
zero (as meas~red by the t-test of zero correlation). 
1~ 
For anN of 118, any correlation greater than .18 is 
significantly greater than zero at the .05 level. What 
this indicates is that, as we might expect, the different 
tests have some factors in common and that one of these 
is intelligence. 
8. What are the gains in concepts as measured by the 
Object-Classification Tests in Sound and Light? 
The following 15 tables exemplify the above infor.ma-
tion. 
The answers to all items 1D both Object-Classification 
Tests were recorded on tape. After transcribing, the 
individual ratings were given. The rating was that sug-
gested by the cooperative analysis study made by the 
writer with Dr. Edward Rawson, mentioned in Chapter 3 of 
this study. 
Table 20. 
School 
Gr. 4 ••••• 
School 
Gr. 4• •••• 
School 
Gr. 4• •••• 
School 
Gr. 5 ••••• 
School 
Gr. 5 ••••• 
School 
Gr. 5 ••••• 
School 
Gr. 6 ••••• 
School 
Gr. 6 ••••• 
School 
Gr. 6 ••••• 
Totals •• 
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Item Count. Object Classification Test. 
Sound: Item 1 (Recorder and Tonette) 
Number of Pupils and Types of Responses Made 
Before Instruction 
Wrong Par-
School or no tial 
Social ttP.- Con- Correct 
Status tatt cept Concept 
0 ]._ ~ 
A 4 5 2 
B 3 6 0 
c 7 2 0 
A 5 7 4 
B 6 7 0 
c 3 7 lJ 
A 7 12 2 
B 0 5 6 
c 5 12 0 
40 63 15 
After Instruction 
Wrong Par-
ofa no tial 
~~ Con- Correct 
_. _ _., t cept . ConceJ?..t 
_Q_ ~ 2 
3 3 5 
1 4 4 
2 2 5 
1 3 12 
3 6 4 
0 6 5 
•2 2 17 
1 0 10 
_3_ 8 6 
16 34 68 
Per cent of pupils who bad partial concepts on this item 
before instrllction •••••••••••••••.•••••••••••••••••• 53.4 
Per Cent of pllpils who had correct concepts on this item 
before instruction••••••••••••••••••••••••••••••••• 12.7 
Per cent of pllpils who bad partial concepts on this item 
after instrllction •••••••••••••••••••••••••••••••••• 28.8 
Per cent of pllpils who had correct concepts on this item 
after instrllction •••••••••••••••••••••••••••••••••• 57.6 
Per cent of gain in correct concepts on this item after 
instrllction•••••••••••••••••••••••••••••••••••••••• 44.9 
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Table 21. Item Count. Obiect Classification Test. 
Sound: Item 2 Sea Shell & Jug) 
Number of Pupils and Types of Responses Made 
Before Instruction After Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct .llb~it- Con- Correct 
Social tempt cept Concept te:J~:Pt cept Concept 
Status 0 1 2 9 1 2 
School 
Gr. 4••• A 11 0 0 6 4 1 
School 
Gr. 4• •• B 9 0 0 8 1 0 
School 
Gr. 4••• 0 9 0 0 9 0 0 
School 
Gr • .5 ••• A 12 4 0 6 .5 .5 School 
Gr. 5 ••• B 11 2 0 7 3 3 
School 
Gr. 5 ••• 0 11 0 0 8 3 0 
School 
Gr. 6 ••• A 17 4 0 3 18 0 
School 
Gr. 6 ••• B 10 1 0 10 1 0 
School 
Gr. 6 ••• 0 12 2 0 10 2 2 
Totals. 105 13 0 67 40 11 
Per cent of pupils who had partial concepts on this item 
before instruction ••••••••••••••••••••••••••••••••• 11.0 
Per cent of pupils who had correct concepts on this itam 
before instruction................................. 0 
Per cent of pupils who bad partial concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 33.9 
Per cent of pupils who bad correct concepts on this item 
after instruction •••••••••••••••••••••••••••••••••• 9.3 
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Per cent or gain in correct concepts on this item arter 
instruction•••••••••••••••••••••••••••••••••••••••• 9.3 
Table 22. Item Count, Object Classification Test 
Sound: Ite.m 3 (Horn and Reed) 
School 
Gr. 4• •••• 
School 
Gr. 4••••• School 
Gr. 4•• ••• 
School 
Gr. $ ••••• 
School 
Gr. 5 ••• •• 
School 
Gr. $ ••••• 
School 
Gr. 6 •• ••• 
School 
Gr. 6 ••••• 
School 
Gr. 6 ••••• 
Totals •• 
Number of Pupils and Trpes of Responses Made 
Before Instruction 
School 
Social 
Sta-tus 
A 
B 
c 
A 
B 
c 
A 
B 
c 
Wrong Par-
or no tial 
~!'1- Con-
,_,pt cept 
0 l 
ll 0 
9 0 
9 0 
l4 1 
12 1 
ll 0 
18 3 
7 3 
16 0 
107 8 
Correct 
Concept 
2 
0 
0 
0 
l 
0 
0 
0 
1 
l 
3 
After 
Wrong 
or no 
~\r._ ... 
terppt 
0 
s 
4 
8 
9 
ll 
5 
10 
s 
ll 
68 
Instruction 
Par-
tial 
Con-
cept 
1 
2 
1 
0 
0 
0 
s 
3 
2 
2 
15 
Correct 
Concept 
2 
4 
4 
l 
7 
2 
l 
8 
4 
_4 
3S 
Per cent ot pupils who bad partial concepts on this item 
betcre instruction•••••••••••••••••••••••••••••••••• 6.8 
Per cent ot pupils who had correct concepts on this item 
berore instruction•••••••••••••••••••••••••••••••••• 2.$ 
Per cent or pupils who had partial concepts on this item 
after instruction •••••••••••••••••••••••••••••••••• 12.7 
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Per cent of pupils who had correct concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 29.7 
Per cent of gain in correct concepts on this item after 
instruction•••••••••••••••••••••••••••••••••••••••• 27.2 
Table 23. Item Count. Object Classification Test 
Sound: Item 4 (Tuning Fori: and Bell) 
Bamber ot Pupils and Types of Responses Made 
Before Instruction After Instruction 
Wrong• Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At- Con• Correct 
Social tempt cept concept tempt capt Concept 
Status 0 l 2 0 1 2 
School 
Gr. 4•• A 11 0 0 11 0 0 
School 
Gr. 4 .. B 8 1 0 8 1 0 
School 
Gr. 4 •• c 9 0 0 9 0 0 
School 
Gr. $ •• A 14 l l 12 2 2 
School 
Gr. $ •• B 11 2 
School 
0 9 0 4 
Gr. s .• c ll 0 0 10 l 0 
School 
Gr. 6 •• A 20 0 l 16 2 3 School 
Gr. 6 •• B 9 1 1 8 0 3 School 
Gr. 6 •• c l.h 3 0 ll u 2 
Totals 107 8 3 94 10 14 
Per cent of pupils who had partial concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• 6.8 
Per cent of pupils who had correct concepts on this item 
before instruction•••••••••••••••••••••••••••••••••• 2.5 
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Per cent or pupils who had partial concepts on this item 
after instruction••••••••••••••••••••••••••••••••••• 8.5 
Per cent or pupils who bad correct concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 11.9 
Per cent of gain in correct concepts on this item attar 
instruction •••••••••••••••••••••••••••••••••••••••• 9.4 
Table 24• 
School 
Gr. 4•••• School 
Gr. 4• ••• 
School 
Gr. 4 •••• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
Totals. 
Item Cownt. Object Classification Test 
Sound: Item 5 (Violin Bow and File) 
N~ber of Pupils and Types of Responses Made 
Before Instruction After Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At- Con- Correct 
Social tempt CfJpt Concept tempt capt Concept 
Status 0 1 2 0 1 2 
A 6 5 0 5 3 3 
B 5 3 l 3 1 5 
c 8 l 0 4 4 1 
.A. 10 5 1 3 5 8 
B 11 2 0 9 3 1 
c 7 3 1 2 5 4 
A 12 7 2 7 0 14 
B 4 6 1 1 5 5 
c .. 2_ 8 0 4 9 h 
72 40 6 38 35 45' 
•'*' 
Per cent or pupils Who bad partial concepts on this item 
before instruction••••••••••••••••••••••••••••••••• 33.9 
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Per cent of pupils who had correct concepts on this item 
before instruction••••••••••••••••••••••••••••••••• 5.1 
Per cent of pupils who had partial concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 29.7 
Per cent of pupils who had correct concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 38.1 
Per cent of gain in correct conceRts on this item after 
instruction •••••••••••••••••••••••••••••••••••••••• 33.0 
Table 25. Item Count. Object Classification Test 
Sound: Item 6 (Ear-muffs and insulation) 
Number of Pupils and Types of Responses Made 
School 
Gr. 4••• 
School 
Gr. 4••• 
School 
Gr. 4••. 
School 
Gr. 5 ••• 
School 
Gr. 5 ••• 
School 
Gr. 5 ••• 
School 
Gr. 6 ••• 
School 
Gr. 6 ••• 
School 
Gr. 6 ••• 
Totals 
School 
Social 
Stat u.s 
A 
B 
c 
A 
B 
c 
A 
B 
c 
Before Instruction 
Wrong Par-
or no tial 
!t- Con-
tempt cept 
0 1 
10 l 
4 0 
7 2 
ll l 
9 3 
ll 0 
ll 0 
4 4 
13 h 
80 15 
Correct 
Concept 
2 
0 
5 
0 
4 
l 
0 
10 
3 
0 
23 
After 
Wrong 
or no 
At-
tempt 
0 
3 
2 
l 
5 ~· 
8 
6 
5 
0 
6 
36 
Ins true tlon 
Par-
tial 
Con-
cept 
l 
2 
1 
4 
0 
l 
2 
0 
0 
6 
16 
Correct 
Concept 
2 
6 
6 
4 
ll 
4 
3 
16 
ll 
5 
66 
121 
Per cent of pupils who had partial concepts on this item 
before instruction••••••••••••••••••••••••••••••••• 12.7 
Per cent of pupils who had correct concepts on this item 
before instruction ••••••••••••••••••••••••••••••••• 19.5 
Per cent of pupils who had partial concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 13.6 
Per cent of pupils who bad correct concepts on this item 
after instruction•••••••••••••••••••••••••••••••••• 55.9 
Per cent of gain in correct concepts on this item after 
lnatruction •••••••••••••••••••••••••••••••••••••••• 36.4 
Table 26. 
School 
Gr. 4•••• School 
Gr. 4•. •• 
School 
Gr. 4 •••• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
G:r. 5. • • • 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
Totals. 
Item Count. Object Classification Test 
Sound: Item 7 (Telephone and Stethoscope) 
Number of Pupils and Types of Responses Made 
Before Instruction 
Wrong Par-
or no tial 
School At- Con-
Social tempt capt 
Status 0 1 
A 11 0 
B 9 0 
c 9 0 
A 15 1 
B 13 0 
c 11 0 
A 20 0 
B 10 0 
c 17 0 
115 1 
Correct 
Concept 
2 
0 
0 
0 
0 
0 
0 
1 
1 
0 
2 
After 
Wrong 
or no 
At-
tempt 
0 
11 
8 
9 
13 
13 
11 
18 
8 
12 
103 
Iiistructlon 
Par-
tial 
Con-
cept 
1 
0 
0 
0 
1 
I 
0 
1 
1 
5 
8 
" 
Correct 
Concept 
2 
0 
1 
0 
2 
0 
0 
2 
2 
0 
7 
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Per cent of pupils who bad partial concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• o.a 
Per cent of pupils who had correct concepts on this item 
before instruction•••••••••••••••••••••••••••••••••• 1.7 
Per cent of pupils who bad partial concepts on this item 
after instruction ••••••••••••••••••••••••••••••••••• 6.8 
Per cent of pupils who bad correct concepts on this item 
after instruction••••••••••••••••••••••••••••••••••• 5.9 
Per cent of gain in correct concepts on this item after 
instruction••••••••••••••••••••••••••••••••••••••••• 4.2 
We may assume from the results shown by Table 26 
that, for all p~ctical purposes, this item presents a 
problem in understanding this concept which should not be 
a basic requirement in elementarz science teaching in the 
area of Sound. 
Table 27. 
School 
Gr. 4•••• 
School 
Gr. 4•• •• 
School 
Gr. 4•• •• 
Item Count. Object Classification Test 
·Sound: Item 8 (Bat and dog-whistle) 
Number ot Pupils and Types of Responses Made 
Berore Instruction After Instruction 
Vrong Par- Wrong Par-
or no tial or no tial 
School At• Con• Correct At- Con- Correct 
Social tempt cept Concept tempt cept Concept 
Status 0 1 2 0 l 2 
A 11 0 0 l 0 10 
B 8 0 l 5 0 4 
c 9 0 0 9 0 0 
(concluded on next page) 
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After Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At• Con- Correct 
Social tempt cept Concept tempt cept Concept 
Status 0 l 2 0 1 2 
School 
Gr. 5 •••• A 15 0 1 13 0 3 
School 
Gr. $ •••• B 13 0 0 8 0 5 
School 
Gr. s •... c 11 0 0 5 0 6 
School 
Gr. 6 •••• A 19 1 1 11 0 10 
School 
Gr. 6 •••• B 9 0 2 0 1 10 
School 
Gr. 6 •••• c 15 1 1 12 1 _h_ 
Totals. 110 2 6 64 2 52 
Per cent ot pupils who had partial concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• 1.7 
Per cent of pupils who had correct concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• S.l 
Per cent of pupils who had partial concepts on this item 
after instruction ••••••••••••••••••••••••••••••••••• 1.7 
Per cent of pupils who had correct concepts on this item 
after instruction•••••••••••••••••••••••••••••••••••44•l 
Per cent in gain in correct concepts on this item after 
ins true tion ••••••••••••••••••••••••••••••••• ._:~ •••• 3 9. 0 
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Table 28. Summary of Concept-Gains by Item and Grade as 
Revealed by Object Classification Test Scores 
Before and After Instruction in So11nd 
Before Instruction After Instruction 
Grades Totals Grades Totals 
Item h s· 6 h 5 0 
1 ••••••• 15 26 37 78 23 36 43 102 
2 ••••••• 0 6 7 13 6 19 26 51 ) ....... 0 
' 
8 11 12 15 ~ 50 4······· 1 6 11 1 9 ~ 5 ••••••• 10 12 24 46 17 26 37 
6 ••••••• 8 9 21 38 23 21 38 82 
1······· 0 1 2 ~ 1 1' 11 lS 8 ••••••• 1 1 6 14 26 5lL .• 
Totals. 35 62 111 208 97 143 218 458 
Table 28 indicates that the amount of gain after instruction 
was 250; the per cent of gain was over 120 per cent. 
Table 29. Item Count. Object Classification Test 
Light: Item 1 (Spectacles and Hand-lens) 
Number of Pupils and Types of Responses Made 
Before .Instruction After Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At- Con- Correct 
Social t•pt cept Concept tempt cept Concept 
Status 0 1 2 0 1 2 
School 
Gr. 4 •• ••• A 11 0 
School 
0 7 0 4 
Gr. 4 ••••• B 5 3 1 6 2 1 
School 
Gr. 4 ••••• c 9 0 0 7 2 0 
School 
Gr. 5 ••••• A 12 3 1 7 1 8 
School 
Gr. 5 ••••• B 12 1 0 6 1 6 
{concluded on next page) 
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Be1'ore Instruction After rnstruct1on 
Wrong Par- Wrong Par-
School or no tial or no tial 
Social At- Con- Correct At- Con- Correct 
Status tanpt cept Concept tempt cept Concept 
0 1 2 0 1 2 
School 
Gr • .5 •••• c 11 0 0 6 2 3 
School 
Gr. 6 •••• A 18 0 3 9 0 12 
School 
Gr. 6 •••• B 10 1 0 8 1 2 
School 
Gr. 6 •••• c 16 1 0 7 6 ll 
Total a. 104 9 .5 63 1.5 40 
Per cent or pupils who bad partial concepts on this item 
be1'ore instruction••••••••••••••••••••••••••••••••• 7.6 
Per cent of pupils who had correct concepts on this item 
betore instruction••••••••••••••••••••••••••••••••• 4.2 
Per cent of pupils who bad partial concepts in this item 
after instruction•••••••••••••••••••••••••••••••••• 12.7 
Per cent of pupils who had correct concepts on this item 
after instruction •••••••••••••••••••••••••••••••••• 33.9 
Per cent in gain in correct concepts on this item after 
instruction •••••••••••••••••••••••••••••••••••••••• 29.7 
Table 30. 
School 
Gr. 4 •••• 
School 
Gr. 4•• •• 
School 
Gr. 4•••. 
School 
Gr. 5 •• •• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
Totals. 
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Item Count, Object Classification Test 
Light: Item 2 (Mirror and Bicycle Reflector) 
N~ber or Pupils and Types of Responses Made 
After Instruction 
Wrong Par- Wrong Par-
School or no tial or no tial 
Social At• Con- Correct At• Con- Correct 
Status tempt cept Concept tempt cept Concept 
0 1 2 0 1 2 
A 8 1 2 1 0 10 
B 5 1 3 1 0 8 
c 9 0 0 3 0 6 
A 10 0 6 7 1 8 
B 9 1 3 5 0 8 
c 10 1 0 4 0 7 
A 13 l 7 3 0 18 
B 3 2 6 1 2 8 
c 15 l l 5 1 ll 
82 8 28 30 4 84 
Per cent of pupils who had partial concepts on this item 
before instruction•••••••••••••••••••••••••••••••••• 6.8 
Per cent of pupils who had correct concepts on this ite.m 
before instruction •••••••••••••••••••••••••••••••••• 23.7 
Per cent of pupils who had partial concepts on this item 
after instruction••••••••••••••••••••••••••••••••••• 3•4 
Per cent of pupils who had correct concepts on this item 
after instruction ••••••••••••••••••••••••••••••••••• 71~~ 
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Per cent in gain in correct concepts on this item after 
instruction ••••••••••••••••••••••••••••••••••••••• 47•5 
Table 31. 
School 
Gr. 4• ••• 
School 
Gr. 4•• •• 
School 
Gr. 4 •••• 
School 
Gr. $ •••• 
School 
Gr. 5 •••• 
School 
Gr • .5 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
Totals. 
Item Count. Object Classification Test 
Light: Item 3 (Transparent paper and goggles) 
Number of Pupils and Types of Responses Made 
Arter Instruct1on 
Wrong Par• Wrong Par-
or no tial or no tial 
School At• Con- Correct At- Con- Correct 
Social tempt cept Concept tempt cept Concept 
Statue 0 l 2 0 1 2 
A 11 0 0 7 0 4 
B 8 0 l 5 0 4 
c 9 0 0 2 0 7 
A 13 0 3 7 1 8 
B 12 0 1 8 0 5 
c 11 0 0 
.5 2 4 
A 17 l 3 11 0 10 
B 10 0 1 7 0 4 
c 17 0 0 8 
..1 6 
108 1 9 60 6 .52 
Per cent of pupils who bad partial concepts on this item 
before instruction~ ••••••••••••••••••••••••••••••••• o.8 
Per cent of pupils who bad correct concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• 7.6 
Per cent of pupils who had partial concepts on this ite.m 
after instruction ••••••••••••••••••••••••••••••••••• .5.1 
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Per cent of pupils who bad correct concepts on this item 
after instruction •••••••••••••••••••••••••••••••••• 44.1 
Per cent in gain in correct concepts on this !tam after 
instruction •••••••••••••••••••••••••••••••••••••••• 36.5 
Table 32. 
School 
Gr. 4 ••• , 
School 
Gr. 4 ••• , 
School 
Gr. 4 ••• • 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 ••• 
Totals. 
Item Count. Object Classification Test 
Light: Item 4 {Hioroscope e.nd Telescope) 
Namber of Pupils and Types of Responses Made 
Berore Instruction After Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At- Con- Correct 
Social tempt cept Concept tempt cept Concept 
Stat as 0 1 2 0 1 2 
A 11 0 0 1 0 4 
B 4 0 5 2 0 1 
c 3 4 2 0 1 8 
A 8 0 8 3 1 12 
B 11 0 2 6 1 6 
c 9 1 1 2 1 8 
A 11 0 10 1 0 20 
B 6 1 4 3 0 8 
c 13 4 0 3 3 11 
76 10 32 21 1 84 
Per cent of pupils who had partial concepts on this item 
before 1nstract1on •••••••••••••••••••••••••••••••••• 8.5 
Per cent of pupils who bad correct concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• 27.1 
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Per cent of pupils who bad partial concepts on this item 
after instruction••••••••••••••••••••••••••••••••••• 5.9 
Per cent of pupils who had correct concepts on this item 
after instruotion•••••••••••••••••••••••••••••••••••7le2 
Per cent in gain in correct concepts on this item after 
instruction•••••••••••••••••••••••••••••••••••••••••44•1 
Table 33• 
School 
Gr. 4•• •• 
School 
Gr. 4•• •• 
School 
Gr. 4• ••• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 5 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
School 
Gr. 6 •••• 
Totals. 
Item Count. Object Classification Test 
Light: Item 5 (Translucent light bulb and 
waxed paper) 
Number of Pupils and Types of Responses Made 
After Instruction 
Wrong Par- Wrong Par-
or no tial or no "'ial 
School At- Con- Correct At• Con- Correct 
Social tempt cept Concept tempt cept Concept 
Status 0 1 2 0 1 2 
A 11 0 0 4 0 7 
B 9 0 0 7 0 2 
c 9 0 0 7 0 2 
A 11 0 5 7 0 9 
B 13 0 0 11 0 2 
c 10 1 0 5 2 4 
A 20 0 1 10 0 11 
B 11 0 0 7 3 1 
,, 
c 15 2 0 7 2 8 
109 3 6 65 7 46 
Per cent of pupils who had partial concepts on this item 
before instruction•••••••••••••••••••••••••••••••••• 2.5 
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Per cent of pupils who had correct concepts on this item 
before instruction•••••••••••••••••••••••••••••••••• 5.1 
Per cent of pupils who had partial concepts on this item 
after instruction••••••••••••••••••••••••••••••••••• 5.9 
Per cent of pupils who had correct concepts on this item 
after instruction•••••••••••••••••••••••••••••••••••39.0 
Per cent 1n gain in correct concepts on this item after 
instruction••••••••••••••••••••••••••••••••••••·····33·9 
Table 34• !tam Count. Object Classification Test 
~: Item 6 {Camera and eye) 
NUmber or Pupils and Types of Responses Made 
Be~ore Instruction After Instruction 
'Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At• Con- Correct 
Social tempt cept Concept tempt cept Concept 
Status 0 1 2 0 1 2 
School 
Gr. 4 •••• A 11 0 0 8 3 0 School 
Gr. 4• ••• B 8 1 0 7 2 0 
School 
Gr. 4•• •• c 9 0 0 9 0 0 
School 
Gr. 5 •••• A 14 1 1 11 2 3 School 
Gr. 5 •••• B 13 0 0 12 1 0 
School 
Gr. 5 •••• c 11 0 0 8 2 1 
School 
Gr. 6 •••• A 21 0 
School 
0 16 4 1 
Gr. 6 •••• B 11 0 0 9 2 0 
School 
Gr. 6 •••• c 17 0 0 13 3 1 
Totals. 115 2 1 93 19 6 
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Per cent of pupils who had partial concepts on this item 
before instruction•••••••••••••••••••••••••••••••••• 1.7 
Per cent of pupils who bad correct concepts on this item 
before instruction •••••••••••••••••••••••••••••••••• o.a 
Per cent of pupils who had partial concepts on this item 
after instruction ••••••••••••••••••••••••••••••••••• l6.1 
Per cent of pupils who had correct concepts on this item 
after instruction••••••••••••••••••••••••••••••••••• 5.1 
Per cent in gain in correct concepts on this item after 
instruction ••••••••••••••••••••••••••••••••••••••••• 4·3 
The nwmber of boys and girls who were able to classify this 
itam correctly after instruction was so small that we may 
assume that the analogy is too difficult for the child in 
the 1nter.ael1ate grades of the elementary school. 
Table 35• ItEIIl Count. Object Classification Test 
LiR:ht: Item 7<Pr1sm and paint set) 
NUmber of Pupils and Types of Responses Made 
Before Instruction After Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con- Correct At• Con- Correct 
Social tempt cept Concept tempt cept Concept 
Status 0 l 2 0 l 2 
School 
Gr. 4•• •• A 11 0 0 2 9 0 
School 
Gr. 4•••. B 9 0 0 5 2 2 
School 
Gr. 4• ••• c 9 0 0 8 1 0 
(concluded on next page) 
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Bet'ore Instruction Af'ter Instruction 
Wrong Par- Wrong Par-
or no tial or no tial 
School At- Con• Correct At- Con• Correct 
Social tempt cept Concept tempt capt Concept 
Status 0 1 2 0 1 2 
School 
Gr. 5 ••••• A 15 0 1 3 7 6 
School 
Gr. 5 ••••• B 13 0 0 10 1 2 
School 
Gr. 5 ••••• c 9 2 0 6 4 1 School 
Gr. 6 ••••• A 21 0 0 13 0 8 
School 
Gr. 6 •• ••• B 9 1 1 0 6 5 
School 
Gr. 6 ••••• c 16 1 0 8 6 3 
Totals •• 112 4 2 55 36 27 
Per cent of' pupils who had partial concepts on this item 
bet'ore instruction•••••••••••••••••••••••••••••••••• 3•4 
Per cent of' pupils who bad correct concepts on this item 
bet'ore instruction •••••••••••••••••••••••••••••••••• 1.7 
Per cent of pupils who had partial concepts on this item 
after 1nstruction ••••••••••••••••••••••••••••••••••• 30.5 
Per cent of' pupils who bad correct concepts on this item 
after instruction ••••••••••••••••••••••••••••••••••• 22.9 
Per cent in gain in correct concepts on this item after 
instruct1on ••••••••••••••••••••••••••••••••••••••••• 21.2 
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Table 36. S~ary of Concept-Gains by It~ and Grade as 
Revealed by Object-Classification Test Scores 
Before and After Instruction in Lig~ 
Before Instruction After Instruction 
Grades Total• Grades Totals 
Item Jt 5 6 4 5 6 
l •••• 4 5 5 ~~ 9 21 25 55 2 •••• 7 11 18 24 24 40 88 
~,3 •••• 1 4 s 10 15 20 23 58 
4···· 11 12 19 42 20 29 42 91 s •... 0 6 3 9 11 17 25 S3 
6 •••• 1 2 0 i _J. 9 11 25 7 •••• 0 3 3 21 28 63 
Totals 24 43 53 120 98 141 194 433 
Table 36 indicates that the amount of gain after instruction 
was 313; the per cent of gain was over 260 per cent. 
9. What indications are there of increased interest and 
participation in carrx over after instruction? What are the 
sources of science infor.mation which children use? 
In Interview I the children were asked questions rela-
tive to their sources of science information. The questions 
asked are reported in Chapter 3 of this study. The follow-
ing categories were used in classifying this information: 
School 
Movies (School films; Commercial films) 
Television 
Radio 
Adult magazines 
Comic Books 
Church (Sunday School) 
Camps 
People {Father; Mother; Siblings; Other 
(Relatives; neighbors) 
Books (School; Library; Home) 
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Miscellaneous {Other Teachers; Museums; Cubs; (Scouts) 
In all of the three grades. the most important source 
of science information both before and after instruction 
was books. with people as a second choice. 
Television and School. which included the teacher. 
received a high rating prior to training in Light and 
Sound also. 
Radio was mentioned only twice before instruction. 
end after instruction nine times,- which indicates that 
radio is not a particularly rich source of science 
information for children in the intermediate grades. 
Before the teaching period, the School was mentioned 
as a source of science information 42 times by the com-
bined grades; after instruction the combined responses 
for this item were 79 in number. However, 75 pupils 
indicated after the teaching period that Television-
viewing was an important source of their infor.mation. 
This implies, then, that the School and Television are 
equally credited by the child for his science infor.ma-
tional source. 
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Table 37. Total Indications for Each Source of Science 
Information by Grade before Instruction 
Grade .1! 
Schools 
A B c Totals 
Source 
School (Teacher) ••• 4 2 8 14 
Movies 
School Films ••••• 0 0 0 0 
Commercial ••••••• 0 0 4 l~ Television ••••••••• 6 4 5 
Radio •••••••••••••• 0 2 0 2 
Adult Magazines •••• 0 2 0 2 
Comic Books •••••••• 0 0 0 0 
Church .(Sunday 
School) •••••••••••• 0 0 0 0 
Camps •••••••••••••• 0 l 0 l 
People 
Father ••••••••••• 1 5 :t ~ Mother ••••••••••• 5 2 l 
Siblings ••••••••• 2 0 2 4 Other Relatives •• l l l 3 
Neighbors •••••••• 1 1 l 3 (25)* 
Books 
School ••••••••••• l l 3 5 
Library •••••••••• 2 0 3 5 
Home ••••••••••••• 6 7 3 16 (26)* 
Miscellaneous (Other Teachers 
Scouts, Museam) ••• 1 l 0 2 
*( ) indicates sub-totals 
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Table 38. Total Indications ror Each Source or Science 
Inrormation by Grade berore Instruction 
Grade 5 
Schools 
A B c Totals 
Source 
School {Teacher) ••• 4 2 5 11 
Movies 
School Films ••••• 0 0 1 1 
Commercial ••••••• 0 0 0 0 
Television ••••••••• 3 3 7 13 
Radio •••••••••••••• 0 2 0 2 
Adult Magazines •••• 0 1 1 2 
Comic Books •••••••• 0 0 0 0 
Church (Sunday 
School) •••••••••••• 0 0 0 0 
Camps •••••••••••••• 1 1 0 2 
People 
Father ••••••••••• 7 3 0 10 
Mother ••••••••••• 0 2 0 2 
Siblings ••••••••• 3 2 1 6 
Other Relatives •• 1 1 0 2 
Neighbors •••••••• 0 2 1 3 Books (23)* 
School ••••••••••• 7 3 3 1§ Librarr•••••••••• 1 4 3 
Home ••••••••••••• 13 7 1 21 
(42)* 
Miscellaneous (Other Teachers 1 
Scouts, Museu.) •••• 1 0 3 4 
*( ) indicates sub-totals 
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Table 39. Total Indications for Each Source of Science 
Information by Grade before Instruction 
Grade 6 
Schools 
A B D Totals 
Source 
School {Teacher) ••• 2 7 8 17 
Movies 
School Films ••••• 0 0 0 0 
Commercial ••••••• 0 0 1 1 
Television ••••••••• 3 4 9 16 
Radio •••••••••••••• 0 1 1 2 
Adult Magazines •••• 0 1 0 1 
Comic Books •••••••• 0 0 2 2 
Church (Sunday 
School) •••••••••••• 2 1 1 i Camps •••••••••••••• 2 2 2 
People 
Father ••••••••••• 6 4 1 11 
Mother ••••••••••• 6 2 0 8 
Siblings ••••••••• 5 1 5 11 
Other Rel~tives •• 1 2 2 5 
... -
Neighbors •••••••• 2 2 2 6 
Books (41)* 
School ••••••••••• 5 6 4 15 Library •••••••••• 1 0 11 12 
Home ••••••••••••• 9 6 3 18 
<45)* 
Miscellaneous 
(Otber Teachers, 
-
Scouts, Museum) •••• 3 2 4 9 
*( ) indicates sub-totals 
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Table 40. Total Indications for Each Source of Science 
Information by Grade after Instruction 
Grade 4 
Schools 
A B c Totals 
Source 
School (Teacher) ••• 7 6 10 23 
Movies 
School Films ••••• 0 1 5 6 
Commercial ••••••• 0 1 5 6 
Television ••••••••• 10 6 10 26 
Radio •••••••••••••• 0 2 0 2 
Adult Magazines •••• 0 6 2 8 
Comic Books •••••••• 0 0 3 3 Church (Sunday 
School) •••••••••••• 0 0 0 0 
Camps •••••••••••••• 0 2 1 3 
People 
Father ••••••••••• 0 5 1 6 
Mother ••••••••••• 2 3 1 6 
Siblings ••••••••• 1 2 2 5 Other Relatives •• 1 1 1 3 
Neighbors •••••••• 1 2 2 5 
Books (25)* 
School ••••••••••• 6 8 5 19 
Library •••••••••• 2 1 10 13 
Home ••••••••••••• 5 7 4 16 (48)·* 
Miscellaneous (Other Teachers, 
Scouts, Museum) •••• 1 1 2 4 
*( ) indicates sub-totals 
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Table 41. Total Indications for Each Source of Science 
Infor.mation by Grade after Instruction 
Grade 5 
Schools 
A B c Totals 
Source 
School {Teacher) •• 7 9 7 23 
Movies 
School Films •••• 0 0 1 1 
Commercial •••••• 0 1 ~ 4 Television •••••••• 5 7 20 
Radio ••••••••••••• 1 2 1 ~ Adult Magazines ••• 2 4 2 
Comic Books ••••••• 0 0 1 1 
Church (Sunda;y 
School) ••••••••••• 0 0 0 0 
Camps ••••••••••••• 1 2 0 3 
People 
Father •••••••••• 8 ll 1 13 Mother •••••••••• 6 0 10 Siblings •••••••• 3 2 1 6 
Other Relatives. 1 2 2 5 
Neighbors ••••••• 2 2 2 6 
(40)* 
Books 
School •••••••••• 11 7 5 23 
Library ••••••••• 3 6 8 17 
Home •••••••••••• 20 6 3 29 
Miscellaneous 
(Other Teachers, (69}* 
Scouts, Museum) ••• 1 1 3 5 
*( ) indicates sub-totals 
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Table 42. Total Indications for Each Source of Science 
Infor.mation by Grade after Instruction 
Grade b 
Schools 
A B c Totals 
Source 
School (Teacher} ••• 9 8 16 33 
Iv!ovies 
School Films ••••• 0 0 5 5 
Commercial ••••••• 1 0 1~ 5 Television ••••••••• 8 6 29 
Radio•••••••••••••• 1 1 1 3 
Adult Magazines •••• 4 2 2 8 
Comic Books •••••••• 0 0 3 3 
Church (Sunday 
School) •••••••••••• 2 1 1 i Camps•••••••••••••• 2 2 2 
People 
Father ••••••••••• 6 5 2 13 
Mother ••••••••••• 8 2 1 11 
Siblings ••••••••• 5 1 5 11 
Other Relatives •• 5 2 2 9 
Neighbors •••••••• 5 2 2 9 
Books (53)* 
School••••••••••• P,6 11 11 38 
Library •••••••••• 2 0 13 15 
Home••••••••••••• 9 6 5 20 (73)* 
Misce1laneo us 
(Other Teachers, 
Scouts, Museum) •• 3 3 4 10 
*( ) indicates sub-totals 
10. Which of the science principles regarding Light and 
~ound presumed to be suited to elementary school were 
understood bJ the children before and after instruction? 
Individual tables for each of the principles in Sound 
and Light which were mentioned by the pupils are included 
in this chapter. See tables 43 through 64. 
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The transcribed tape-recordings were analyzed 
carefully tor science content both prior to and after 
instruction. Although the teaching did not include direct 
instruction in the particular principles in Sound and 1ight, 
the tables reveal tbat there was a definite understanding of 
some of the principles in these areas before and after 
instruction. As was to be expected, the understanding of 
the principles and verbalization about them increased 
perceptibly after instruction. y 
The principles of Robertson considered suitable for 
elementary school science teaching were presumed to be 
adequate for categorizing the principles revealed by the 
children in the interviews both before and after instruc-
tion. However, after the tape-recordings were transcribed 
and the contents analyzed, it was discovered that the 
pupils verbalized other principles which were not included 
in the Robertson listing. For this reason, the principles y 
of Harold Wise commonly assigned to secondary school, in 
the areas of Sound and Light were added to the Robertson 
List to provide for adequate checking on the students• 
verbalizations. The complete listing of the principles 
!/Martin Robertson, "Selection ot Science Principles 
Suitable as Goals of Instruction in the Elementary School," 
Science Education (February-April, 1935), Volume 19, N~ber 4, PP• 6$-10. 
~Harold E. Wise, A Deter.mination of the Relative Importance 
of Principles of Physical Science for General Education, 
Doctoral Dissertation, University of Michigan, 1941. 
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used in this study are given in Chapter 3 of this study. 
Tables 43 through 64 present this information according 
to individual principle. The letters "R" and "W" in 
parentheses at the end of each principle indicate whether 
the statement of principle is credited to either Robertson 
or Wise. 
The tables indicate that there was a significant 
increase in understanding of some Sound and Light princi-
ples after instruction had been given, regardless of the 
fact that the writer did not instruct the teachers in the 
workshop by the teaching of principles and the teachers 
did not mention principles, per se, in their science 
teaching to the children ot this study. 
In tbe area of Sound, before instruction, principles 
were mentioned, by verbalized implication, 88 times. 
After instruction, there were 306 verbalizations of 
principle - understandings which indicates an amount of 
gain of 218, or a percentage gain ot approximately 248 
per cent. See Table 50 for a sammary of the namber ot 
times Sound principles were mentioned by pupils before 
and after instruction. 
In the area of Light, there was also a significant 
increase in tbe understanding ot principles after 
instruction. Betare instruction, Light principles were 
mentioned 81 times; after instruction, the principles 
were verbalized 300 ttmes, tbe ~ount of gain being 219, 
and the per cent of gain 270 per cent. 
Report on additional concepts regarding Light and 
Sound:-- The writer kept acc~ate count of the number of 
times that high frequency of sounds was mentioned, and 
although there was not a definite principle quoted in 
this research that mentions that concept as suited for 
elementary school science, a tabulation with this infor.m-
ation is included in this chapter. There has also been 
added a report on tbe concept regarding the ratio:r. of 
the speed of Light and Sound which was not verbalized in 
a pr.inciple. 
Table 43. Sound 
Principle: "When waves strike an object, any 
one or more of these results will follow: 
they will be absorbed; thel will be transmitted, 
or they will be reflected. (R) 
Be tore After 
Instruc- Instruc-
tion tion 
School A 
Gr. 4··········· 2 School B 
Gr. 4••••••••••• 3 School C 
Gr. 4••••••••••• 6 
School A 
Gr. 5 ••••••••••• 9 9 
School B 
Gr. 5 ••••••••••• 1 5 
School C 
Gr. 5 ••••••••••• 6 
School A 
Gr. 6 ••••••••••• 1 20 
{concluded on next page) 
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Table 44• 
Before Arter 
Instruc- Instru.c 
-tion tion 
School B 
Gr. 6 ••••••••••• 5 3 
School C 
Gr. 6 ••••••••••• 3 
Totals •••••••• 16 57 
Sound 
Principle: "The greater the space through 
which a body vibrates the louder is the sound 
it produces." (R) 
Before Af'ter 
Instruc- Instruc-
tion tion 
School A 
Gr. 4 .. ........•• 
School B 
Gr. 4············ School c 
Gr. 4 ••.........• 
School A 
Gr. 5 •••..••••••• 
School B 
Gr. s ............ 
School c 
Gr. 5 ••••••.••••• 
School A 
Gr. 6 •••.•. ..•••• 2 
School B 
Gr. 6 ••••• ••••••• 1 
School c 
Gr. 6 •••••••••••• 
Totals ••••••••• 1 2 
Table 45. 
Table 46. 
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Sound 
Musical tones are produced when a vibrating 
body sends out regular vibrations to the ear 
while only noises are produced when the 
vibrating body sends out irregular vibrations 
to the ear. (W, R) 
Before After 
Instruc- Instruc-
tion tion 
School A 
Gr. 4 •••••••••••• 
School B 
Gr. 4•••••••••••• School c 
Gr. 4•••••••••••• 1 School A 
Gr. s •........ · ... 6 6 
School B 
Gr. $ •••.•••••••• 2 
School C 
Gr. 5 •••••••••••• 1 
School A 
Gr. 6 •••••••••••• 5 6 
School B 
Gr. 6 •••••••••••• 3 
School C 
Gr. 6 ••••••.••.•• 3 
Totals ••••••••••• 12 21 
Sound 
Principle: "The higher the pitch of a note, the 
more rapid the vibrations of the producing 
body, and vice versa." (W, R) 
School A 
Gr. 4•••••••••••• 
School B 
Gr. 4•••••••••••• 
Before 
Instruc-
tion 
(concluded on next page) 
After 
Instruc-
tion 
4 
1 
Table 46 (concluded) 
Table 47. 
Before After 
Instruc- Instruc-
tion tion 
School C 
Gr. 4••••••••••• 1 School A 
Gr. .$ ••••••••••• 5 
School B 
Gr. 5 ••••••••••• 8 
School C 
Gr. s •.......... 17 
School A 
Gr. 6 ••••••••••• 26 
School B 
Gr. 6 ••••••••••• 2 3 
School C 
Gr. 6 ••••••••••• 6 2 
Totals •••••••••• 8 67 
Sound 
Principle "Sound is produced by vibrating 
matter and is transmitted by matter." {R, W) 
Before After 
Ins true- Instru.c-
tion tion 
School A 
Gr. 4············ 1 13 School B 
Gr. 4············ 1 5 School C 
Gr. 4 •••••••••••• 5 
School A 
Gr. s •..........• 6 12 
School B 
Gr. .$ •••••••••••• 3 21 
School C 
Gr. s ...........• 1 13 
School A 
Gr. 6 •••••••••••• 6 24 School B 
Gr. 6 ............. 9 14 
School c 
Gr. 6 •••••••••••• 18 26 
Totals ••••••••• 45 133 
Table 48. Sound 
Principle: Sound waves or other energy impulses 
may set up vibrations in a body the amplitude of 
which is increased it the impulses are exactly 
timed to correspond to any one of the periods of 
the body. (W) 
Before After 
Instruc- Instruc-
tion tion 
School A 
Gr. 4•••••••••••• School B 
Gr. 4 •••••••••••• 
School C 
Gr. 4 •••••••••••• 
School A 
Gr. s ••......•.•• 
School B 
Gr. 5 •••••..••••• 
School c 
Gr. 5 •••••••••••• 4 
School A 
Gr. 6 •••••••••••• l l 
School B 
Gr. 6 •••••••••••• 
School c 
Gr. 6 •••••••••••• 1 
Totals ••••••••• 2 5 
-
Table 49. Report on Ad~itional Concept Regarding Sound 
not Satisfied by a Principle 
"Dogs and some other mammals can hear higher 
frequencies than people." 
School A 
Gr. 4•••••••••••• School B 
Gr. 4•••••••••••• 
School C 
Gr. 4•••••••••••• 
Before 
Instruction 
After 
Instruction 
1 
(concluded on next page) 
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Be:rore After 
Instruction Instr11ction 
School A 
Gr. 5 •••••••••••••• 5 
School B 
Gr. s •............• 2 
School C 
Gr. 5 •••••••••••••• 
School A 
Gr. 6 •••••• · •••••••• 1 9 
School B 
Gr. 6 •••••••••••••• 
School C 
Gr. 6 •••••••••••••• 3 _k 
Totals ••••••••••• 4 21 
Table 50. Summar7 o:t the Number o:r Times Sound Principles 
Were Mentioned by Pupils before and a:tter 
Instruction 
Before After 
Instruction InstJrUction 
Grade 4 ••••• 
Grade .$ ••••• 3 26 41 116 
Grade 6 ••••• 59 ~Ll9_ 
Totals •••• 88 306 
The :figures for Table 50 were derived from the two individual 
interviews which each child had with the investigator. The 
interviews were tape-recorded, and later transcribed and 
analyzed for science content. The interviews, both before 
and after instruction, are reported by grade and school 
and will be to und in the appendix of this study. 
Table 50 indicates that there was a significant increase 
Table 50b. Gains made by schools in principles after 
Instruction. 
(Sound) 
Befere After Gains 
School Instru.c- Instru.c- Amount Per a.nt 
tion tion 
A 36 144 108 300 
B 22 77 49 223 
c 30 91 61 203 
Table 50b indicates tbat school A shows the largest 
amou.nt of gain and the highest per cent of gain in the 
ability to understand and verbalize principles in the 
area of Sou.nd. 
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in understanding of some Sound principles after instruction 
had been given in that area, regardless of the fact that 
the writer did not instruct the teachers in the workshop by 
the teaching of principles, and tbe teachers did not mention 
principles, per se, in their science teaching to the pupils 
in this study. 
The gain after instruction was 218; the percent of 
gain was approximatelz 248 per cent. 
Table 51. Li,ht 
iple: "Incandescent solids and liquids 
emit all kinds of light and give a continuous 
spectrum." (W) 
Before After 
Instruction Instruction 
School A 
Gr. 4•••••••••••••• 1 
School B 
Gr. 4•••••••••••••• 2 2 School c 
Gr. 4•••••••••••••• 2 School A 
Gr. 
-'·············· 
1 1 
School B 
Gr. s ........... ... 
School C 
Gr. 5 •••••••••••••• 1 
School A 
Gr. 6 •••••.•••..••• 16 7 
School B 
Gr. 6 •••••••.•••••• 3 4 School C 
Gr. 6 •••••••. •..••• 3 
Totals ••••••••••• 27 16 
Table 52. 
Table 53. 
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Light 
The dimensions of an image produced by a lens 
or a mirror are to the dimensions of the 
object as their respective distances from the 
lens or mirror are to each other. (W) 
Before Arter 
Instruction Instruction 
School A 
Gr. 4 •••••••••••••• 
School B 
Gr. 4· ••••..••..••• 
School c 
Gr. 4 •••••••••••••• 
School A 
Gr. 5 •••••••••••••• 
School B 
Gr. s •............• 1 
School c 
Gr. $ •••.••.••••••• 
School A 
Gr. 6 •••••••••••••• 3 
School B 
Gr. 6 •••••••••••••• 7 
School c 
Gr. 6 •••••••••••••• 2 
Totals ••••••••••• 1 12 
Light 
The dispersion of white light into a spectrum 
by a prism is caused by unequal retraction of 
the different wave lengths of light. (W) 
School A 
Gr. 4•••••••••••••• 
School B 
Gr. 4•••••••••••••• 
School c 
Gr. 4•••••••••••••• 
School A 
Gr. 5 •••••••••••••• 4 
Before 
Instruction 
1 
After 
Instruction 
3 
2 
7 
(concluded on next page) 
Table 53 (concluded) 150 
Table 54• 
Before After 
Instruction Instructiog_ 
School B 
Gr. 5 ••••••••••••• 2 
School C 
Gr. 5 ••••••••••••• 
School A 
Gr. 6 ••••••••••••• 
School B 
Gr. 6 ••••••••••••• 
School c 
Gr. 6 ••••••••••••• 1 
Totals •••••••••• 1 15 
Light 
Principle: "Ordinary light is made up of 
waves of many different wave lengths and each 
one is bent, or refracted, to a different 
degree, so that the various colors of which 
the light is composed are spread out in a 
band of colors known es the spectrum." (R) 
Berore After 
Instruction Instruction 
School A 
Gr. 4············ 3 School B 
Gr. 4 •••••••••••• 1 
School c 
Gr. 4•••••••••••• School A 
Gr. s ............ 3 13 
School B 
Gr. s •..........• 4 School c 
Gr. .5 •••••••••••• 1 
School A 
Gr. 6 •••••••••••• 4 
School B 
Gr. 6 •••••••••••• 1 2 
School C 
Gr. 6 •••••.•••••• 3 
Totals ••••••••• 6 29 
Table 55. 
Table 56. 
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~i.ght 
Principle: ~en waves strike an object, any 
one or more or these results will rollow: 
they will be absorbed; they will be trans-
mitted, or they will be reflected." (R,W) 
Before After 
Instruction Instruction 
School A 
Gr. 4••••••••••• 16 
School B 
Gr. 4· .•••....•• 5 
School C 
Gr. 4••••••••••• 10 
School A 
Gr. 5 ••••••••••• 3 5 
School B 
Gr. s •.........• 7 
School C 
Gr. 5 ••••••••••• 1 7 
School A 
Gr. 6 ••••••••••• 11 9 
School B 
Gr. 6 ••••••••••• 4 19 
School C 
Gr. 6 ••••••••••• 8 13_ 
Totals •••••••• 27 91 
Li,ht 
Pr nciple: 
cepts rays 
behind the 
~henever an opaque object inter-
of radiant energy, a shadow is cast 
object." (W,R) 
School A 
Gr. 4•••••••••••• 
School B 
Gr. 4•••••••••••• 
School C 
Gr. 4•••••••••••• 
School A 
Gr. 5 •••••••••••• 
Berore 
Instruction 
1 
Arter 
Instru.ction 
2 
4 
5 
(concluded on next page) 
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Before After 
Instruction Instruction 
School B 
Gr. 5 ••••••••••• 3 
School C 
Gr. 5 ••••••••••• 3 
School A 
Gr. 6 ••••••••••• 1 9 
School B 
Gr. 6 ••••••••••• 2 
School C 
Gr. 6.1_ ••••••••• l 
Totals •••••••• 2 29 
Table 57. Light 
Principle: "When waves pass obliquely from 
one medium to a denser one, they are bent 
or refracted toward the normal, and when 
they pass obliquely from one medium to a 
rarer one they are bent away from the normal." (R,W) 
Before After 
Instruction Instruction 
School A 
Gr. 4 •.•......• 
School B 
Gr. 4·········· School C 
Gr. 4·········· School A 
Gr. 
'·········· School B 
Gr. s •........• 
School C 
Gr. 5 •••••..••• 1 
School A 
Gr. 6 •••••••••• 3 
School B 
Gr. 6 •••••.•••• 
School C 
Gr. 6 •••••••••• 
Totals ••••••• - r: 4 ...... 
Table 58. 
Table 59. 
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Light 
Parallel light rays may be converged 
by convex lenses or concave mirrors; 
by concave lenses or convex mirrors. 
or focused 
diverged 
(W ,R) 
Before After 
Instruction Instruction 
School A 
Gr. 4 •••.....•..•• 2 
School B 
Gr. 4············· 3 School c 
Gr. 4••••••••••••• 2 
School A 
Gr. ; ............. 8 
School B 
Gr. s •...........• 3 
School c 
Gr. $ ••••••••••••• 1 
School A 
Gr. 6 ••••••••..••• 1 
School B 
Gr. 6 ••••••••.•••• 
School c 
Gr. 6 ••••••••••••• 
Totals •••••••••• 1 19 
;i,ht iple: "The colors of objects depend on 
what light rays they transmit, absorb, or 
reflect." (W,R) 
School A 
Gr. 4•••••••••••• School B 
Gr. 4•••••••••••• 
School C 
Gr. 4•••••••••••• 
School A 
Gr. $ •••••••••••• 
School B 
Gr. 5 •••••••••••• 
Before 
Instruction 
1 
A!·ter 
Instruction 
1 
{concluded on next page) 
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Before A:fter 
Instruction Instr~ction 
School c 
Gr. 5 •••.•••••••• 
School A 
Gr. 6 ••••••..•••• 1 
School B 
Gr. 6 •••••••••••• 
School c 
Gr. 6 •••••••••••• 1 
Totals ••••••••• 2 2 
Table 60. Light 
The intensity of illumination decreases as 
the sq~are o:f the distance :from a point o:f 
source. (W) 
Be:fore A.fter 
Instruction Instr~ction 
School A 
Gr. 4··········· School B 
Gr. 4··········· School c 
Gr. 4 ••••••••••• 
School A 
Gr. $ ••••.••.••• 
School B 
Gr. 5 ••••••••••• 
School c 
Gr. $ ••••••••••• 
School A 
Gr. 6 ••••••••••• 1 1 
School B 
Gr. 6 ••••••••••• 
School C 
Gr. 6 ••••••••••• 
Totals •••••••• 1 1 
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Table 61. Light 
Principle: "Light travels in straight lines 
in a medium of uniform optical density.• (W) 
Before After 
Instruction Instruction 
School A 
Gr. 4 •••••••••••• 1 
School B 
Gr. 4············ School c 
Gr. 4 •••••••••••• 
School A 
Gr. 5 ••••••.••••• 
School B 
Gr. 5 ••••••.••••• 
School c 
Gr. s ...........• 
School A 
Gr. 6 •••••••••••• 7 
School B 
Gr. 6 •••••••••••• 2 
School c 
Gr. 6 •••••••••••• 
Totals ••••••••• 10 
Table 62. Light 
Principle: "In a plane mirror, a line rwnning 
from any point on the object to the image of 
that point is perpendicular to the mirror. • ;tw) 
School A 
Gr. 4•••••••••••• 
School B 
Gr. 4•••••••••••• 
School C 
Gr. 4•••••••••••• 
School A 
Gr. 5 •••••••••••• 
School B 
Gr. 5 •••••••••••• 
Be:fore 
Instruction 
A:fter 
Instruction 
(concluded on next page) 
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Before After 
Instruct ion Instruction 
School c 
Gr. s ............ 
School A 
Gr. 6 •••••••••••• 3 
School B 
Gr. 6 •••••••••••• 
School C 
Gr. 6 •••••••••••• 
Totals ••••••••• 0 3 
-
Table 63. Report on Additional Concept Regarding ~ght 
and Sound not Satisfied by a Principle 
Principle: The ratio of the speed of Light 
and Sound in air is the means by which a judgment as to the distances of the source 
of a sound or light may be made. 
Be!' ore Arter 
Instruction Instruction 
School A 
Gr. 4 •••••••••••• 16 
School B 
Gr. 4············ 2 6 School C 
Gr. 4· •.•••.....• 15 
School A 
Gr. $' •••••••••••• 2 4 School B 
Gr.$ •••••••••••• 1 
School C 
Gr. 5 ••.••••••••• 4 School A 
Gr. 6 •••••••••••• 6 18 
School B 
Gr. 6 •••••••••••• 3 1 
School C 
Gr. 6 •••••••••••• h 
Totals ••••••••• 13 69 
Table 64. Summary of Number of Times Light Principles 
Were Mentioned by Pupils before and after 
Instruction 
Before After 
Instruction Instruction 
Grade 4 ••••••••• 7 94 
Grade s ......... 15 80 
Grade 6 ••••••••• 5'9 126 
Totals •••••••• 81 300 
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These figures were derived from the individual inter-
views, both before and after instruction, which the investi• 
gators had with the pupils of this study. The interviews 
were tape-recorded and later transcribed and analyzed for 
science content. This material may be found in the 
appendix of this study. 
Table 54 indicates that there was a significant 
increase in understanding of Light principles after 
instruction had been given 1n that area. The writer did 
not instruct the teachers in the science workshop by 
principle-teaching, and the teachers did not mention 
principles, per se, in their science teaching to ~ 
children in this study. 
The gain after ipstruction was 219; the per cent of 
gain was 270 per cent. 
Table 64a. Summary of Number of Times Light Principles 
Were Mentioned-by Pupils before and after 
Instruction 
Grade 4••••••••• 
Grade$ ••••••••• 
Grade 6 ••••••••• 
Totala •••••••• 
Before 
Inatruction 
7 15 
59 
81 
After 
Instruction 
94 
80 
126 
300 
These figures were derived from the individual inter-
views, both before and afte~ instruction, which the investi-
gators had with the pupils of this study. The interviews 
were tape-recorded and later transcribed and analyzed for 
science content. This material may be found in the appendix 
of this study. 
The writer analyzed the transcribed tapes carefully for 
science principles and was aided by John Read of the Science 
Center of Boston University, School of Education. The trans~ 
criptions were also analyzed by a science seminar at the above 
school. 
Table 64a indicated that there was a significant increase 
in understanding of Light principles after instruction had 
been given in that ar~a. The writer did not instruct the 
teachers in the science workshop by principle-teaching, and 
the teachers did not mention principles, per se 1 in their 
science teaching to the children in this study. 
The gain after instruction was 219; the per cent of 
gain was 270 per cent. 
Table 64b• Gains Made by Schools in Principles a£ter 
Instruction. 
(Lis;ht) 
Giins 
School Before A£ter Per 
!astruction Instruction Amount Cent 
A 49 151 102 208 
B 17 75 58 341 
c 15 74 59 393 
This table indicates that although School A made the 
highest amount o£ gain in the ability to recognize and 
verbalize principles in Light, School C made the largest 
per cent o£ gain in this respect. 
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Summary 
Understanding of principles.-- One of the important 
findings of this study is that the special instruction 
has produced a significant increment in the understanding 
of principles related to Sound and Light. Although the 
writer did not instruct the teachers in the workshop by 
the teaching of principles, and the teachers did not 
mention principles, per~' in their science teaching to 
the pupils of this study, we may accept this finding as 
indicative that children can understand certain principles 
related to these areas and verbalize the concepts thereof. 
y' 
Although the principles of Robertson, considered suit-
able for elementary school science teaching, were considered 
adequate for categorizing the principles revealed by the 
children in the interviews both before and after instruc-
tion, when the tape-recordings were transcribed and 
analyzed for science content, it was discovered that the 
pupils verbalized other principles which were not included 
in the Robertson listing. For this reason, the principles y 
of Harold Wise, commonly assigned to secondary school, 
in the areas of Light and Sound were added to the listing 
to provide for adequate checking on the pupils' verbaliz-
ations. In the area of Sound, the gain in principle-
YRobertson, ..2.£• ill• 
g/wise, .2J2.• cit. 
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understanding as evidenced by verbalization after the 
instruction period, was 218; the per cent of gain was 
approximately 248 per cent. In the area of Light, the 
gain in principle-understanding after instruction was 219; 
the per cent of gain was 270 per cent. 
Grade related to test scores.-- In the Object Classi-
fication Test (Sound) there is indication that the grade 
of the pupil is related to the level of the test before 
instruction; after instruction, there is a differentiation 
among grades. In the Object Classification Test (Light) 
the performance is not differentiated consistently before 
or after instruction with regard to grade. With regard 
to the relationship between the degree of improvement and 
the grade of the pupil, only the Sound Test shows any 
significant differences in improvement related to the 
grade of the pupil; the higher the grade, the greater the 
gain. 
Gain in Concepts.-- Table 28, the summary of the 
concept-gains by items and grade, as revealed by the 
Object-Classification Test (Sound) scores, indicates that 
the amount of concept-gain after instruction was 250, and 
the per cent of gain was over 120 per cent. Table 36, 
the summary of concept-gains by item and grade as revealed 
by the Object-Classification Test (Liget) scores, indicates 
that the amount of concept-gain after instruction was 313; 
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the per cent of gain was over 260 per cent. 
Social Status and score-tmprovement.-- If we wish to 
consider whether or not pupils from a relatively high 
social status improve more as a result of training than 
pupils from a relatively low social status school, then, 
in general, the answer is "no." or the four tests used 
in this study, none shows any significant differences in 
improvement related to the general socio-economic status 
of the school. 
Although grade and social status are not related to 
the amount of improvement on the various tests, they are 
related to the absolute level of performance on these 
tests both prior to and following instruction. The 
higher the grade, the better is the performance on the 
tests. 
Performances on the Object-Classification Test (Sound), 
the Object-Classification Test (Light), and the Sound Test 
are differentiated with regard to the general socio-economic 
status of the school prior to training, and the performances 
on the Word Classification Test, Sound Test and the Object-
Classification Test (Sound), are differentiated with regard 
to socio-economic status following training. 
Performance on the Object-Classification Test (Light) 
is not differentiated consistently with regard to either 
the grade or socio-economic variables. When we omit from 
consideration performance on this test, we see that 
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performance on the other three tests is consistently 
differentiated with regard to the grade of the pupil and 
the general socio-economic status of the school before and 
after instruction. 
Sex Differences.-- From an analysis of the data in 
Table 8, the conclusion is that there are no significant 
data which give evidence that the factor of sex difference 
makes any differences in scores either before or after 
instruction. 
Test interrelationships.-- There was interest in 
discovering the interrelationships in performance among 
the various tests, following the specialized training pro-
cedures. The fact that all tests are significantly related 
to one another and to intelligence is indicated by the fact 
that all of the correlations are greater than zero (as 
measured by the t-test of zero correlation). The various 
tests have some factors in common, and one of these is 
intelligence. 
Intelligence of pupils.-- In regard to the mean 
intelligence of the pupils of this study by grade and 
school, Table 4 indicates that there is no significant 
difference among grades with regard to intelligence. 
Table 5 indicates that there is a significant difference 
between the intelligence level of the two socio-economic 
groups. However, the two mean scores lie essentially 
within the range of normality. The appendix of this study 
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contains the analysis of variance for the I.Q. scores of 
the pupils of this study. 
Sources of science information.-- Of interest was 
the increased amount of interest and participation in 
science, and particularly in Light and Sound after 
instruction had taken place. In both interviews, the 
children were asked questions relative to their sources 
of science information. (These questions are listed in 
Chapter 3 of this study.) In all of the ~hree grades, 
the most important source of science information before 
and after instruction, was books, with Reople as a second 
choice. Television and school, which included the teacher, 
received a high rating prior to training in Light and Sound 
also. Since radio was mentioned only twice before instruc-
tion as a source of infor.mation, and nine times after the 
training period, we may assume that radio is not a particll-
larly rich source of science information for children in 
the intermediate grades. Seventy-five pupils indicated, 
after the instruction period, that television was an 
important source of their information in the two areas. 
Since, after teaching, the school was given credit as a 
source of science information 79 times, this implies that 
television end the school are equally credited by the 
child for his science informational sources. 
CHAPTER V 
CONDENSATION OF OBTAINED DATA AND RECOMMENDATIONS 
Statement of the problem.-- The purpose of this study 
was: (1) to investigate how children in the intermediate 
grades of the elementary school learn science concepts and 
principles in the areas of Sound and Light before and 
after a planned teaching program in those specific areas; 
(2) to investigate the level of understanding of the con-
cepts and principles before and after instruction, and (3) 
to determine by means of certain instrwments whether socio-
economic background and intelligence are related to learning. 
The data were analyzed to answer the following questions: 
(l) Does performance on the various tests increase 
following the special training procedure? 
{2) Is performance on the various tests, both before 
and after instruction, a function of the grade 
of the pupil'/ 
(3) Is performance on the various tests, both before 
and after instruction a function of the general 
socio-economic statu.11 of the school? 
(4) Is performance in the various tests, before and 
after instruction, a function of the differences 
in sex? 
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(6) Is the amount of improvement in performance for 
the four different tests a function of the grade 
of the pupil and/or the general socio-economic 
status of the school? 
(6) Is there a significant statistical interaction 
between grade and social status, so that the 
effects of variations in grade are a function 
of variations in social status? 
(7) What are the interrelationships in performance 
among the various tests following the special-
ized training procedure? (Do pupils who score 
high on one test tend to score high on the 
other tests, and do the low-scoring pupils on 
one test tend to score low on the other tests?) 
(8) What are the gains in concepts as measured by 
the Object-Classification Tests in Sound and 
Light? 
(9) What indications are there of increased interest 
and participation in carry-over after instruction? 
What are the sources of science information which 
children use? 
(10) Which of the science principles regarding Light 
and Sound preswned to be suited to elementary 
school level were understood by the children 
before and after instruction? 
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Procedure of the investigation.-- One hundred and 
eighteen children from three different schools, represent-
ing members of grades four, five and six were given the 
following tests before and after instruction in the areas 
of Light and Sound. 
(1) 
(2) 
{3) 
{4) 
(5) 
The Otis Quick Scoring Mental Ability Test, 
Beta, Form A • 
11 The Oxendine Sound Test 
A Multiple-Choice Word Classification Test 
An Object-Classification Test (Sound) 
An Object-Classification Test (Light} 
The teachers of the pupils involved in this study were 
members of a Science Workshop conducted by the investigator. 
They were given materials and instruction in experiments 
and experiences in the areas of Light and Sound, and were 
instructed by laboratory method and lecture-demonstration 
techniques. The schools are called Schools A, B and C in 
this study, and a detailed description of them will be 
found in the appendix of this study. School C represented 
children from a lower socio-economic status than Schools A 
and B, so although relationships and differences have been 
studied, scores on the various tests showed, in general, no 
!/Herbert Oiendine, The Grade Placement of the Physical 
Science Principle: "sound Is Produced ba Vibrat!IS Material 
in Relation to Mental Ages~" Uripubi!she Doctora Disserta-
tion, Boston University, 1 53• 
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significant differences and it was decided to treat all 
data as one population after the preltminary testing 
results had been reported. 
The Multiple Choice Word Classification Test.-- This 
test was constructed by the writer, and consisted of 77 
words relative to the study of Sound and Light. The words 
were taken from the seven basic elementary science-text-
books series plus words also from Junior High science 
texts through col~e advanced science physics texts. 
Francis D. Curtis criteria which defines true science 
The 
vocabulary, were used on these words. To determine 
reliability of the test, it was administered to 150 boys 
and girls in the intermediate grades of the el~entary 
schools in the public and parochial schools of the greater 
Boston area. This procedure served two basic purposes. 
The first was that it gave a preliminary indication of the 
reliability of the test scores. Both the odd-even and 
test-retest methods of testing reliability were employed. 
The first technique gives some indication of the internal 
consistency of the test: a measure of the equivalence of 
two halves of the same test. Since this measure is, 
basically, a measure of the reliability of half of the 
test, the Spearman-Brown Prophecy For.mula was used to 
estimate total test reliability. The test-retest technique 
!/Francis D. Curtis, Investigations of Vocabulary in 
Textbooks of Science for Secondar1 Schools, Ginn and Co., 193m, 
PP• 54-55. 
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gives some indication of the stability of the test scores,-
a measure of the dependability of the test scores over a 
period of t1me. 
The second purpose served by the preliminary test was 
to determine whether or not there were any significant 
practice effects. To test for this, the means for test 
one and test two were compared. None of the difrerences 
was significant, so the possibility of any practice effects 
was ruled out. 
For the group that received the test once, the combined 
grade reliability was .88; for the other group, who received 
the same test twice, the combined grade scores gave a 
reliability of .95. This Pilot Study is reported in detail 
in Chapter III of this investigation. 
The pupils in this study were grouped for the various 
tests according to socio-economic status. Fram the means 
and differences in means of the two social groups, high 
and low, we may assume that there are no significant differ-
ences in improvement related to·the general soc~&~co~c 
status of the school. The same is true 1n regard to the 
relationship between the degree of improvement and the 
grade of the pupil which implies that this test may be 
used in any of the three grades which comprise the inter-
mediate grades of the elementary school, and that neither 
socio-economic differences in schools nor grade level 
should interfere with growth in learning in these two 
science areas after a special training procedure. 
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The Oxendine Sound Test.-- This test was administered 
to the pupils prior to instruction and also after the 
training period had taken place. A clear-cut finding here 
is that the special training procedure produeed a signifi-
cant increment in performance for this test. There were 
no reversals in score fram testing prior to training to 
testing following training. However, the Sound Test does 
show differences in improvement related to the grade of 
the pupil. In other words, the grade of the pupil is 
related to the level of performance after instruction. 
On this test, both before and after instruction, there 
was no significant difference in improvement related to 
the general socio-economic status of the school. 
The Object Classification Tests (Sound and Light).--
In both Object Classification Tests the child was asked 
to make pairs of science models, and then tell the 
investigator why he placed the particular it~together. 
A hierarchy of responses was established by cooperative 
analysis with Dr. Edward Rawson of the Massachusetts 
Institute of Technology. If the child gave a perfect 
response for his reason for classification, he was given 
a score of two, and if he evidenced same idea or partial 
concept for the proper analogue he received a score of 
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one. Scores were kept on all responses made in both 
interviews and tables reporting grade results are given 
in Chapter IV of this study. 
In the area of Light, performance is not differentiated 
consistently on either grade or socio-economic variables. 
When we omit from consideration performance on this test, 
we see that perfo~anee on the other three tests given is 
consistently differentiated with regard to the grade of 
the pupil and to the general socio-economic status of the 
school both prior to and following the special training 
procedure. In this aeea of Light, the per cent of concept-
gain was 260 per cent after instruction. 
In the area of Sound, the mean scores on the Object 
Classification Test indicate that performance on the test 
is differentiated with regard to the general socio-economic 
status of the school both before and after instruction. 
In Chapter IV it can be seen that the grade of the pupil is 
related to the absolute level of perfonnance on the test 
before instruction. After instruction, there is a differ-
entiation among grades. In this test the per cent of gain 
in concepts after instruction was 250 per cent. 
The Interviews.-- During Interview One, the pupil was 
encouraged to talk about science, his science interests 
and his knowledge in the areas of Light and ~~· {The 
questions asked to stimulate the responses are reported in 
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Chapter III.) Directly after the interview, the child was 
asked to make the classifications of the models in the 
Object Classification Tests. After each child had been 
interviewed, and the four tests taken, the instruction in 
Light and Sound was begun. After the teaching had been 
completed, and the teacher felt that a saturation point 
in the learning had taken place, he contacted the investi-
gator and each child was again interviewed and given the 
four tests. The interval between Interview One and Inter-
view Two was between six and eight weeks. Interview One 
disclosed some pre-conceived understandings in the area 
of Light and Sound, and Interview Two disclosed the under-
standings of science concepts and principles gained after 
the instruction period, as well as the sources of infor.ma-
tion used by the child. Both interviews were tape-recorded. 
Principles Used.-- Although there was no direct teach-
ing-by-principle either by the writer to the teachers in 
the workshop, or by the teachers to their pupils, science 
principles considered suitable for elementary school level 
were listed and tabulations made to disclose the number of 
principles understood to intermediate grade children before y 
and after instruction. The principles of Robertson were 
considered first, since they constitute a listing of prin-
ciples suitable as goals of instruction in the elementary 
1/Mart!n Robertson,"Selection of Science Principles Suitable 
as Goals of Instruction in the Elementary School," Science 
Education (February-April, 1935), Volume 19, Number 4, PP• 
65-70. 
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school. Since the boys and girls of this study also y 
mentioned the understanding of other principles, the Wise 
principle list in the areas of Sound and Light was also 
used. These principles are usually assigned to the 
secondary school. 
Individual tables for each principle in Sound and 
Light which were mentioned by the pupils are included in 
Chapter IV. The transcribed tape-recordings were analyzed 
carefully for science content both prior to and after 
instruction. There was understanding of certain principles 
before instruction had tak~n place, but the understanding 
of the principles and verbalization thereof increased per-
ceptibly after instruction. In the area of Sound, before 
instruction, principles were mentioned by the pupils 88 
times. After instruction there were 306 verbalizations of 
principle-understandings which indicates a gain in under-
standing of approximately 248 per cent. Figures by grade 
are given in Chapter IV of this investigation. 
In the area of Light, there was also a significant 
increase in the understanding of principles after instruc-
tion. Before instruction, Light principles were mentioned 
81 times; after insbruction the principles were verbalized 
300 times, the per cent of gain recognized in this area 
1/Harold E. Wise, "A Deter.mination of the Relative Importance 
of Principles of Physical Science for General Education," 
Doctoral Dissertation, Univ. of Mich., 1941. 
being 270 per cent. 
This may be considered one of the most important 
findings of this st~dy. 
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Report on additional concepts related to So~d and 
Light not satisfied by a principle.-- The writer kept 
acc~rate co~t of the number of times that high frequency 
was mentioned, and although there is not a definite prin-
ciple quoted in this research that mentions that concept 
as s~ited for elementary s~hool science teaching, a 
tab~lation of this information is included in Chapter IV. 
There has also been added a report on the concept regard-
ing the ratio of the speed of Light and So~d, which was 
not satisfied by a principle. This is found also in 
Chapter IV. 
Sex differences and performance in the testing 
~~·-- The mean scores for 51 boys and 67 girls on the 
four basic tests before and after the training period are 
reported in Chapter IV. There was no appreciable differ-
ence in the scores of any one of the four tests given 
before and after instruction in the areas of Light and 
So~d which we may attrib~te to tbe factor of sex. In 
the Word Classification Test, the boys and girls gained 
eq~al amo~ts after training. In the Sound Test, the 
girls evidenced a very slight improvement over that of the 
boys in the post-test. In Test 1, prior to instr~ction, 
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the boys scored higher on the Object-Classification Test 
in Sound. After instruction the boys scored higher than 
the girls in only one test: Word Classification. 
Since, then, girls scored higher than the boys after 
instruction on three tests (the Sound Test; Object Classi• 
fication Test in Sound and Object-Classification Test in 
Light) we are not able to draw a definite conclusion that 
one sex will do significantly better on any one of the 
various tests than the other sex, either before or after 
instruction in that particular area. 
Intelligence of pupils.-- There were no significant 
differences among grades with regard to intelligence. In 
regard to school comparison, at all grade levels, School 
A presented the highest I.Q. scores. There was a signif-
icant difference between the intelligence level of the two 
socio-economic groups. However, the two mean scores lay 
essentially within the range of normality. 
Interrelationships in performance among teats.-- In 
regard to the interrelationships in performance among the 
various tests, following the instructional period, the 
fact tbet all tests are related to each other and to 
intelligence is indicated by the fact that all of the 
correlations are greater than zero. For anN of 118, 
any correlation greater than .18 is significant at the 
.05 level. (The range of intercorrelations was .21 to 
.49.) 
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Sources of science information.-- The sources of 
science information in the areas of Light and Sound were 
derived from careful analysis of the tape-recorded inter-
views, both prior to and following instruction. In all 
of the three grades, the most important source of science 
information both before and after instruction, was books, 
with people as a second choice. 
Television and the school, which included the teacher, 
received a high rating prior to the training period also. 
Radio was mentioned only twice before instruction, and 
after instruction nine times, which indicates that radio 
today is apparently not a particularly rich source of 
science infor.mation for children in the intermediate 
grades of the elementary school. 
Before the period of instruction, school was mentioned 
as a source of infonnation in science forty-two times by 
the pupils of this study; after instruction, the combined 
response for this item was seventy-nine. How~ver, seventy-
five pupils indicated after the teaching period was over, 
that television was an important source of their science 
information. This implies, then, that the school and 
televisio~ are equally credited by the child for his 
science information. 
Conclusions.-- One of the most interesting findings 
of this study is that the special training has produced 
175 
a significant increment in the understanding of principles 
related to Sound and ~. The principle-listings or y -y 
both Robertson and Wise were used to aid in categoriz-
ing the principles verbalized by the pupils in both Interview 
One and Interview Two. The Wise list of principles was used, 
although they are commonly assigned to secondary school, to 
supplement the Robertson list. In the area or Sound, the 
gain in principle-understanding as evidenced by verbalization 
after the instruction period was 218; the per cent of gain 
was approz±mately 248 per cent. In the area of Ligh~, the 
gain in principle-understanding after instruction was 219; 
the per cent or gain was 270 per cent. This gain was large. 
It is apparent that the pupils concerned in this study 
were able to understand and to verbalize principles or 
science, although there were no attempts to teach by principles 
per se, either by the teachers to the pupils, or by the writer 
to the teachers in the workshop. It is generally an accepted 
fact that elementary school teachers do not teach or categorize 
by science principle. 
With regard to the relationship between the grade or the 
pupil and the degree of improvement, only the Sound Test 
shows any significant differences in improvement related to 
the grade of the pupil; the higher the grade, the greater 
the gain. 
There was a significant concept-gain as revealed by 
1/Robertson, op. cit., PP• 65-70. 
g/Wise, op. cit. 
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the scores of the two Object-Classification Tests after 
instruction had taken place. In the area of Sound, the 
amount of concept-gain was 2$0, and the per cent of gain 
was over 120 per cent; in the area of Light, as revealed 
by the scores on the Object-Classification Test the amount 
of gain was 313 after instruction; the per cent of gain 
was over 260 per cent. 
From the results of this study we may assume that the 
pupils from the relatively high social-status school do 
not improve more as a result of training than children did 
from the relatively low social-status school. Grade and 
social-status are not related to the amount of improvement 
on the various tests, but they are related to the absolute 
level of performance on these tests both prior to and 
following instruction. 
There are no significant data which give evidence 
that the factor of sex differences makes any differences 
in test-scores either before or after instruction. 
In regard to the interrelationships in performance 
among the various tests, following'the specialized train-
ing procedure, the fact that all tests are related to each 
other and to intelligence is indicated by the fact that 
all of the correlations are significantly greater than 
zero at the .05 level. The various tests have some 
factors in common and one of these, then, is intelligence. 
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There is no significant difference in intelligence 
from grade to grade of the pupils of this study. There 
is a significant difference between the intelligence 
level of the two socio-economic groups. However, the 
mean scores of the two groups lie essentially within the 
range of normality. 
There was an increased interest and participation 
in science, and especially in Light and Sound, after the 
instructional period was over. The sources of science 
information which children use were elicited from the 
questions given the children during the interviews. All 
of the pupils, before and after instruction, named books 
as their most important source of science infor-mation. 
People was a second choice, and television and school 
were credited with being equally important sources of 
science information. 
Television is a significant source of information as 
discovered by this investigation, although at the present 
t~e there is a dearth of good television programs for the 
intermediate grade child. Radio was rarely indicated as a 
source of science information. From the analysis of data 
in regard to television-viewing derived from the question: 
"Do you learn about science from the television or radio?" 
the following findings may be considered for their implica-
tions in regard to television-viewing: 
1. There existed more viewing of television in 
grades 4, 5 and 6 in School C which repre-
sented the low socio-economic group. 
2. There was more controlled television watching 
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in Schools A and B which represent the higher 
socio-economic population. (The pupils reported 
that they were allowed to watch only certain 
television programs during the week.) 
3. There were no differences in television-viewing 
quantity according to sex. 
It is possible that children may learn more from 
Educational Television, since there usually is a definite 
learning-pattern planned and carried out throughout the 
programs. Certain subject~atter areas may be more 
affected by television-viewing than others. 
There was a major increase in the total sources of 
science information after the teaching period. 
In general, we may say that the children from Schools 
A and B, the schools of a relatively high social status, 
were able to verbalize more freely than those of School C 
which is evident by the transcribed tape-reports of the 
interviews both before and after instruction. These 
transcriptions may be found in the appendix. 
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Recommendations 
It is to be noted that this study reveals that many 
concepts and scientific principles were stated by children 
with evident pride in their knowledge before any instruc-
tion in the two areas of Light and Sound had been begun. 
The fact that same children receive no real instruction 
until after elementary school does not mean that their 
curiosity has been atrophied. Children's curiosity has 
long been known to be a driving force in the teaching of 
principles of physical science. This was evidenced in the 
performances in the Object-Classification Tests. The 
investigator noted that caution was used in answering the 
reasons for classifications. Many of the children also 
showed willingness to change opinions after instruction 
had taken place. The examples of suspended judgment 
exemplify scientific methods and critical thinking both 
of which should be encouraged in problem-solving. It 
should be realized that many science experiments in the 
elementary school are not intended to increase scientific 
knowledge primarily but aim at developing scientific 
methods or attitudes. For this reason, the Object-
Classification Test may be used by teachers to encourage 
clear thinking and objectivity. 
This investigation has revealed the fact that the 
pupils were able to verbalize principles other than those 
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deemed suitable for elementary school children. It may be 
well for science educators today to re-evaluate thinking 
in regard to how much science-learning may be expected 
from the intermediate grade children of the elementary 
school. It is possible, then, that some future investi-
gator may wish to revise the present listing of elementary 
school science principles in recognition of the fact that 
children of today may be able to understand more science 
than is now acknowledged. 
This study has shown that if most children are similar 
to those of this study, they bave a wide knowledge of their 
surroundings, and the sources used by them as they learn 
science may be increased by teaching and guidance in the 
elementary school. Ability to use information may vary 
from child to child, and, under proper guidance, the 
pupils will be able to evaluate the various sources of 
their knowledge. When school days are over, this ability 
to evaluate will continue. Evaluation, this power of 
judgment, is not an inborn trait; it must be acquired. 
By reviewing, reporting, discussing and listening, the 
process of judgment is learned and standards are built. 
Science environment.-- There are indications from 
the interview technique used in this study that elementary 
school teachers should allow the child to talk in an 
atmosphere of acceptance, because verbalization may bring 
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out science information and may also reveal how children 
think. Certainly this would help the teacher to teach 
elementary science more effectively. It is desirable 
that there be resource and reference material in the 
classroom readily available. Siblings and parents were 
found to be excellent sources of information for the child 
who is genuinely interested in science. 
Since the elementary school teacher and the school 
itself were credited with giving much help in science 
learning, the teacher can do a great deal to help and 
guide each child toward more efficient use of his environ-
ment for sources of information. 
Since there was no significant difference in the test 
results before and after the teaching period between the 
higher and lower socio-economic group, it may be wise for 
us to consider the indication that elementary science may 
be"clllture-fair" and is not dependent upon family or 
cultural background. 
Use of the Object Classification Te!ts.-- A careful 
examination of the items in the Object Classification 
Tests will reveal that the models are all within the 
experience of the child, and may be used as regular 
classroom science equipment by the teacher. The analogies, 
or pairing of the models, may be used as a means of evalu-
ation of science teaching in the areas of Light and Sound, 
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as a stimulus to classroom discussion, or as subjects for 
individual verbalization and revealing of understandings 
in the two areas. The models may be used individually 
as well as in pairs for problem-solving situations, and 
for investigations into types of thinking. Many informa-
tive patterns can be discovered by the use of the Object-
Classification Tests, and although the use of the tape-
recorder facillitated this particular investigation, a 
long-hand answer sheet may be used by the teacher who 
wishes to keep records of the individual achievements of 
pupils. A study of individual scores will provide 
diagnostic information to the teacher on the child's 
science progress. Similar tests may be built by teachers 
or other investigators to determine the formation of con-
cepts in other science areas. 
A study parallel to this one with younger or older 
children may prove of interest 1n order to obtain a 
portrait of how the emphasis on the sources of science 
information changes with the age of the child. 
If another field of knowledge, as arithmetic or social 
studies, were to be investigated in a similar manner, would 
the sources of information change? 
Do adults remember where they derived their science 
knowledge? A study of a mature age group with interviews 
similar to those conducted in this investigation might 
reveal interesting sources of science infor.mation. 
Since the interview method llfl ed in this study was 
highly successful, further studies in elementary science 
using this method may be of great interest. 
We may assume that this study has revealed the ract 
that children do know something about scientific prin-
ciples, and that knowledge is not merely casual and 
observational. The game-element was extremely high in 
the Object-Classification Tests. Things known are strongly 
related to sensory experiences and since the Object Classi-
fication Tests provide actual manipulation of science 
materials, it is recommended that the school provide the 
environment or the materials for such experiences. 
Wide scope of elementary science.-- There is no 
experimental evidence that content from the biological 
sciences is easier for children than content from the 
physical sciences, and therefore better adapted to ele-
mentary school. An analysis of the statements concerning 
Light, particularly before instruction had taken place, 
indicates that the children of this study thought of Light 
in connection with astronomy as well as with energy-transfer 
and rela.tionship to life. In this respect, elementary 
teachers should become aware of the fact that the topics 
and units on Light in the science textbooks may cover only 
a narrow segment of the possible information, sought by 
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and useful to children, on the subject. It would be 
worthwhile searching also, to see if other science areas 
are treated in too limited a manner in the textbooks for 
elementary science. 
Ecological studies of children.-- This investigation 
should contribute towards the many ecological studies of 
children which are now in prDgress. These studies include 
getting a better understanding of children's behavior 
patterns as they react to our modern culture and mode of 
living. The interpretation of the impacts of these studies 
upon the work of the classroom teacher is one of great 
importance. This study indicates how teachers ean deter-
mine the sources of information children use, and from 
that knowledge, adjust the curriculum for most efficient 
learning. It would be illogical to assume that this means 
that the shortest way would be the most economical or 
affective. It is hoped, then, that this present investi-
gation will supplement the child-interest studies dealing 
with the child's thinking in elementary science. 
Science workshops.-- The efficacy of science workshops 
for elementary teachers may be emphasized also as a concom-
itant part of this investigation. Physical science teaching 
in the elementary school has not been too popular in the 
past, and although the more recent science textbook series 
are devoting about one half of their material to the 
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physical sciences, there are still teachers who insist that 
elementary science is completely biological, and teach 
nature-study to the exclusion or physical science. For 
these teachers especially, a science workshop or the type 
given to the teachers or this investigation should prove 
or worth. 
This is the only study known to the writer where 
teaching to a maximum saturation point bas been undertaken. 
Other studies using this technique might prove revealing 
in other science areas. 
Verbalizations.-- The child's knowledge of concepts 
and his vocabulary have been found to be closely related 
but not identical. His vocabulary is actually four 
vocabularies: a hearing (or understanding) vocabulary 
which is basic to the others, and his speaking, reading 
and writing vocabularies. These four vocabularies include 
the child's concepts which can be verbalized. However, 
very young children may have concepts they are unable to 
describe in speech, and older children, also, may have 
concepts which they are unable to verbalize. Children 
may use words which they do not understand. They may 
speak of the speed of Light and Sound and yet not have 
an understanding of the concept. Attempts to understand 
the concepts of children have been many, and further 
research into the areas of verbalizations-without-under-
standings of concepts may give additional knowledge 1n 
this area. 
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This investigation disclosed no evidence to corroborate 
Piaget's interpretation that there is a definite stage in 
children•s thinking which is characteristic of that given 
age. The great majority of the responses to the interview 
questions were matter of fact and non-metaphysical. How-
ever, in general, we may assame that the presumably correct 
explanations and understandings evidenced by the answers of 
the children increase with maturation. There were, however, 
some answers given by younger children whose ability to 
verbalize in the science areas may indicate superiority in 
science. Among these may be the science-gifted. It was 
they who were able to classify the models in the Object-
Classification Tests and to verbalize a correct answer 
sometimes before instruction had taken place. This is, 
however, a tentative hypothesis based on the number of 
cases available in this study. 
CHAP'l'BR VI 
SUMMARY 
It would seem that the time has not arrived for an 
investigation to end all investigations of the development 
of children's concepts in elementary science. This inves-
tigation is another expedition into the general quest for 
knowledge ot how children acqQ!re science concepts, the 
level of their understanding, and whether socio-economic 
background and intelligence are related to learning. 
The following conclusions relative to the acquisition 
of concepts in Light and Soi.Uld were indicated by this 
study: 
The instruction in Soand and Lisht given to the 
pupils of this study produced a significant 
increment in the understanding of principles 
related to those areas. It was necessary to 
supplement the original investigation using the y 
Robertson List of principles suited for ele-
?:/ 
mentar,y school science with tbe Wiae List, 
usually assigned to secondar7 school. There was 
a gain of 248 per cent in principle-understanding 
l/Mirttn t. Robertson, •selection of Science Principles 
!Uitable as Goals ot Instruction in the Elementary School," 
Science Education (February-April 1935), 19:4, PP• 65-70. 
,e/Harold E. Wise, A Determination ot the Relative 
Importance of Principles of Physical Science for General 
Bdacation, Doctoral Dissertation, University of Michigan, 
1941. 
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1n Sound, and a gain of 270 per cent in Light. 
Of the four tests 111ed in this investigation, 
none shows any significant differences in 
improvement related to the general socio-economic 
status of the school. The same is true with regard 
to the relationship between the degree of improve-
ment and the grade of the pupil. Only the Sound 
Test shows any difference 1n improvement related to 
the grade of the pllpil. Although grade and social 
status are not related to the amount of improvement 
on the various tests, they are related to the 
absolute level of performance on these teat~ bQth 
prior to and following training. 
There was a significant concept-gain as revealed 
by the scores of the two Object-Classification 
Tests after instruction had taken place. The per 
cent ot gain in Sound was 250 per cent; in Light, 
the per cent of gain wav over 260 per cent. 
There are no significant data which give evidence 
that the factor of sex differences makes any dif-
ferences in test-scores. 
The mean I. Q. scores for the pupils of this study 
lie within the range of normality, whether they are 
grouped by grade, school, or socio-economic status. 
We may assume, then, tbat the reactions of these 
boys and girls to this program ot instruction and 
testing are essentially those ot children of 
nor-mal intelligence. 
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In regard to the interrelationships in performance 
among the various tests, following the training 
period, the tact that all tests are related to 
each other aDd to intelligence is indicated by the 
tact that all of the correlations are greater than 
zero. Any correlation greater than .18 is signif-
icant at the .05 level when an N. is 118. In this 
study the range of intercorrelation scores was .21 
to .49. 
There was increased interest and participation in 
science, and especially 1n Light and Sound after 
the instructional period. The pupils, before and 
after instruction, named books as their most 
important source of infor.mation; people, television, 
and school were credited with being equally import-
ant sources of science information. 
Limitations of tbe atudi·-- It is recognized that a 
at udy ot this nature has decided lim! ta tiona • Some of 
the important ones are listed below: 
(1) The writer did not, at any time, teach directly 
the pupils of this atudy. The teaching of Sound 
and Lisht, though controlled by the materials, 
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experiences and experiments which the teachers 
received in the workshop, depended a great deal 
upon the individuality and personality of the 
teacher and his teaching methodology and 
philosophy. 
(2) Schools A and B were private schools. School C 
was a public school in a large city syatan of 
undeniable superior eda.cational reputation. It 
is possible that the reslllta of the study may 
have been different if the schools had been all 
public, or all private. 
(3) The responses of the pupils during the inter-
views were sometimes verbose, and although a 
verbattm transcription was typed for every 
pupil interviewed, some responses could not be 
classified under the headings of understanding 
of science concepts or principles, or even be 
considered as a type or level of concept. 
This was due particularly to the free response, 
non-directive type of questioning employed 
during the interviews. 
(4) In School B, Grade 6 was not considered a part 
of the elementary school, but rather the begin-
ning of an Upper School which encompassed Junior 
and Senior High School. This may have affected 
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the teaching employed, since the method of 
instr~ction changed rather abr~ptly into a more 
formalized pattern with the p~pils• entrance 
into Grade 6. 
(5} An objective of this investigation was to 
analyze the spoken responses ot the pupils 
during the two interviews and to analyze the 
classifications in the Object-Classification 
Tests. The oral responses were more spontaneous 
than those which might bave been given on a 
written test. 
(6) The quality and quantity ot responses given to 
the Object-Classification Tests may have 
increased considerably if the interviews had 
been of a different nature, when follow-up 
questions could have been used. 
(7) Most of the data concern too few children to 
lend themselves to critical statistical treat-
ment. A N of 118 is a small population, yet 
the data yielded not only the conclusions drawn 
above but posed many challenging problems. It 
is possible that studies like this have great 
value in uncovering the need for further exact 
experiments 1n discovering how children learn 
science. 
APPDDIX A 
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Plate 1. The Object Classification Test (Light) 
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Plate 6. Delayed Judgment 
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OTIS QUICK-SCORING MENTAL ABILITY TESTS 
Beta 
By .ARTHUR s. OTIS, PH.D. A .. 
Formerly Development Specialist with Advisory Board, General Staff, United States War Department .rl: 
IQ ... .... .. . 
BETA TEST: FORM A 
For Grades 4-9 Score ............ . 
Read this page. Do what it tells you to do. 
Do not open this booklet, or tum it over, until you are told to do so. 
Fill these blanks, giving your name, age, birthday, etc. Write plainly. 
Name . .... ........... . ~ .. . ........... .. ..... . . .. . ...... Age last birthday .... .. years 
First name, initial, and last name 
Birthday ...................... Teacher .................. Date ..... . .. . . .... 19 ..... . 
Month , Day 
Grade ............. . School ..... . .. ... ...... . .... .. .... . . City .... .......... ...... . . 
This is a test to see how well you can think. It contains questions of different kinds. Here 
is a sample question already answered correctly. Notice how the question is answered: 
Sam;le:la:hich ~n:t:~ethe fi;e c~~::s bel~wi!::oft? 5 ice ........... 66®66 
The right answer, of course, is cotton; so the word cotton is underlined. 
And the word cotton is No. 3; so a heavy cross has been put in the 3d 
circle. This is the way you are to answer the questions. 
Try this sample question yourself. Do not write the answer; just 
draw a line under it and then put a heavy cross in the right circle. 
1 2 3 • 5 Sample: A robin is a kind of -
1 plant 2 bird 3 worm 5. flower .......... 00000 4 fish 
The answer is bird; so you should have drawn a line under the word 
bird and put a heavy cro'ss in the 2d circle. Try this one: 
Sample: Which one of the five numbers below is larger than 55? 0
1 
0
2 03 04 011 
1 63 2 48 3 29 4 67 5 16 . . . . ............... . 
The answer, of course, is 57; so you should have drawn a line under 57 
and put a heavy cross in the 4th circle. 
The test contains 80 questions. You are not expected to be able to answer all of them, but 
do the best you can. You will be allowed half an hour after the examiner tells you to begin. 
Try to get as many right as possible. Be careful not to go so fast that you make mist.akes. 
Do not spend too much time on any one question. No questions about the test Wtll be 
answered by the examiner after the test begins. Lay your pencil down. 
Do not turn this booklet until you are told to begin. 
Published by World Book Company, Yonkers-on-Hudson, New York, and Chicago, Illinois 
Copyright 1937 by World Book Company. Copyright in Great Britain. All rights reserved. PRINTED IN u.s.A. BETA:A·46 
W'"' This test is copyrighted. The reproduction of any part of it by mime?grap~, he.ctograph, or in a_ny other 
way, whether the reproductions are sold or are furnished free for use, zs a vwlatwn of the copynght law. 
Examination begins here. Page 1 
1. Which one of the five things below does not belong with the others? 
1 potato 2 turnip 3 carrot 4 stone 5 onion ....... . ... .. .. ........ . 
2. Which one of the five answers below tells best }Vhat a sword is? 
1 to cut 2 a weapon 3 an officer 4 a tool 5 to fight .. ' .. .. . ..... .. . 
3. Which one of the five words below means the opposite of north? 
1 east 2 star 3 south 4 pole 5 equator ......................... . 
4. The peeling is to a banana and the husk is to an ear of com the same as a shell is to what? 
1 an apple 2 an egg 3 juice 4 a peach 5 a hen . .............. . .. . 
6. A child who knows he is guilty of doing wrong should feel-
1 bad 2 . sick 3 better 4 afraid 5 ashamed ...................... . 
6. Which one of the five things below is the largest? 
1 knee 2 toe 3 leg 4 ankle 5 foot ...... . ..... . .......... .. ... . . 
7. Which one of the five words means the opposite of strong? 
1 man 2 weak 3 small 4 short 5 thin ... . ..... .... ..... .... . ... . 
8. Three of the four designs at the right are alike. ~ 
Which one is not like the other three? 1 ::::::::=:: 
9. Which one of the five things below is most like these three: a chair, a bed, and a stove? 
1 a chimney 2 a stick 3 a window 4 a table 5 a floor . ' ... .. ...... . 
10. A knee is to a leg as an elbow is to what? 
1 an arm 2 a shoulder 3 a bone 4 a wrist 5 a hand ............. . 
11. Which word means the oppo~ite of joy? 
1 sickness 2 bad 3 happiness 4 sorrow 5 cry ................... . 
12. If I find a kind of plant that was never seen before, I have made-
1 an invention 2 an adoption 3 a creation 4 a novelty 5 a discovery .. 
13. A sculptor is to a statue as an author is to a -
1 book 2 man 3 name 4 bookcase ,a pen ............. . ... . ..... . 
14. At 3 cents each, how many pencils can be bought for 27 cents? 
1 27 2 81 3 3 4 9 5 30 ...................................... . 
1~~ 2~Q 3~u 4jV 16. Three of the four designs at the right are alike. Which one is not like the other three? 
16. Which is the most important reason that words in the dictionary are arranged alphabetically? 
1 It is the simplest arrangement. 2 It puts the shortest words first. 
3 It enables us to find any word quickly. 4 It is a custom. 5 The printing is easier. 
17. Which one of the five things below is most like these three: a saw, a hammer, and a file? 
1 a bottle 2 a pen 3 a screw driver 4 a fork 5 a carpenter . .... ... . 
18. If the following words were arranged in order, which word would be in the middle? 
1 luncheon 2 dress 3 undress 4 supper 5 breakfast ............... . 
19. The saying, "Don't count your chickens before they are hatched," means-
1 Don't hurry. 2 Don't be too sure of the future. 3 Haste makes waste. 
4 Don't gamble. 5 Don't raise chickens . ............... . . .. ...... .. ........ . 
Three of the four designs at the right are alike. r-r ~ K ~ 
Which one is not like the other three? 1 ~ 2 J......f . 3 '>1 4 Y 
20. 
21. A boy who often tells big stories about what he can do is said to -
1 lie 2 fake 3 cheat 4 joke 5 brag ............................ . 
22. Which tells best just what a colt is? 
1 an animal with hoofs 2 an awkward little beast 3 an animal that runs fast 
4 a young horse 5 a little animal that eats hay .. .... . .... ..... ............ . 
(Go right on to Page 2. ) 
. 
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23. Which of the five things below is most like these three : a horse, 
a pigeon, and a cricket? 
1 a stall 2 a saddle 3 a feather 4 a goat 5 a wing 
24. Railroad tracks are to a locomotive as what is to an automobile ? 
1 tires 2 steam 3 speed 4 the road 5 gasoline 
25. Which word means the opposite of pretty? 
1 good 2 ugly 3 bad 4 crooked 5 nice .. . 
26. Which one of the words below would come first in the dictionary? 
1 tramp 2 saint 3 razor 4 quart 5 grass .... 
27. An event which is sure to happen is said to be-
l probable 2 possible 3 doubtful 4 certain 5 delayed 
28. One number is wrong in the following series. What should 
that number be? 7 1 · 7 2 7 3 7 4 7 5 7 6 7 8 
17 26 3 8 44 55 ........... ...... .. 
29. Which of these series contains a wrong number? 
1 3-6-9-12-16 2 2-6-8- 11-14 3 1-4-7-10-12 
4 2-4-6-8-10 5 1-3-6-7-9 ....................... . 
30. Which one of the five things below is most like these three : 
a ship, a bicycle, and a truck? 
1 a sail 2 a wheel 3 a train 4 the ocean 5 a tire 
31. Which statement tells best just what a hallway is? 
1 a small room 2 a place to hang your hat and coat 
3 it is long and narrow 4 where to say good-by 
5 a passage leading from one room to another ..........• 
32. Steam is to water as. water is to-
1 hot 2 ice 3 an engine 4 a solid 5 gas .. 
33. Which one of these words would come last in the dictionary? 
1 health 2 juggle 3 normal 4 never 5 grateful 
34. If George is taller than Frank and Frank is taller than James, 
then George is (?) James. 1 taller than 
2 shorter than 3 just as tall as 4 (cannot say which) 
35. A man who betrays his country is called a-
1 thief 2 traitor 3 enemy 4 coward 5 slacker 
36. Count each 7 below that has a 5 next after it. 
753097358774217573247093755725775471 
How many such 7's did you count? 
. 1 11 2 2 3 3 4 4 5 12 . . ... . .. ... . .. .. . . 
37. The daughter of my mother's brother is my-
1 sister 2 niece 3 cousin 4 aunt 5 granddaughter 
38. Peace is to war as ( ?) is to confusion. 
1 explosion 2 order 3 armistice 4 riot 5 police 
39. If Paul is older than Herbert and Paul is younger than Robert, 
then Robert is ( ?) Herbert. 1 older than 
2 younger than 3 just as old as 4 (cannot say which) 
40. If the following words were arranged in order, with what letter 
would the middle word begin ? 
Week Year Hour Second Day Month Minute 
1W 2S 3H 4D 5M .: ............... . 
(Go right on to Page 3.) 
59. 
60. 
61. 
Page 4 
If the words below were rearranged to make a good sentence, the third word of the sentence would begin with 
what letter? men high the a wall built stone 
1m 2b 3h 4w 5s . .... .. .. .... ... ..... .. . ... .. .. .. .............. . ............. . 
Three of the four designs at the right are alike. Which one is not like n•l•n 
the other three? 1 • • • • 
There is a saying, "Any port in a storm." This means -
3 4 m• 
1 Ships should not venture out to sea in storms. 2 Stormy weather causes large waves in harbors. 
3 In emergencies any aid is acceptable. 4 Ships usualfy sink in storms. . ......... .... . . . ... .... .. . 
Answers for 
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59 66666 23 66666 
60 6666 24 66666 
1 2 3 4 5 1 2 3 4 2500000 61 0000 1 2 3 4 5 
62. Which one of the five things below is most like these three: cannon ball, wire, and penny? 1 2 3 4 5 26 00000 62 00000 1 2 3 4 5 1 dollar bill 2 bone 3 string 4 pencil 5 key . ........... . .................... ... .. . 
63. Three of the four designs at the right are alike. Which one is not like 
1 
~, 
2 
~ 
3
1 rr=:lJ 
4
1F.ll 
the other three? I ~ ~ ~ ~ 
1 2 3 4 2700000 630000 
64. There is a saying," Don't look a gift horse in the mouth." This means- 1 2 3 4 II 2800000 1 It is not safe to look into the mouth of a horse. 2 You cannot judge the age of a gift horse by his teeth. 
64 0
1 
0
2 
0
3 
0
4 
3 Don't accept a horse as a gift. 4 Although you question the value of a gift, accept it graciously. 
65. A boy is to a man as ( ?) is to a sheep. 1 2 3 4 5 1 2 3 4 5 
1 wool 2 a lamb 3 a goat 4 a shepherd 5 a dog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 00000 29 00000 
66. If the following words were arranged to make a good sentence, with what letter would the last word of the 66 0
1 
0
2 
0
3 
0
4 
0
5 1 2 3 4 . sentence begin? usually are of made tables wood 1 w 2 d 3 a 4 t 5 m. . . . " 
67. An agreement reached in which both sides yield somewhat in their demands is called - 1 2 3 4 5 30 00000 
1 a promise 2 a compromise 3 an understanding 4 a deadlock 5 an armistice .......... 67 00000 · . 
68. Three of the four designs at the right are alike. Which one is not like 0 1\ o D 1 2 3 4 
the other three? 1 2 \___) 3 4 68 ·0000 1 2 3 4 5 
69. W~a~ is th~ l~:e' th:t !ollow~ ~ lette; ~~~ ~~~~,~~~~Iter ~ i~ the .alphabet? . . . . . . . . . . . . . . . . . . . . . . . 
60 
¢¢63 04
4 o
5
' :
2
1 
0
9
0
9
0
9
0
9
0
9 
'10. One number is wrong in the following series : 1 2 4 · 8 24 32 64 What should that number be? u 
1 6 2 12 3 3 • 4 16 5 48 ............... . ............................ ... .. ......... 70 99999 33 01 02 03 04 05 
'11. If I have a ll}rge box with two small boxes in it and five very small boxes in each small box, how many boxes 
are there in all? · 1 eight 2 seven 3 ten 4 twelve 5 thirteen . . .................. ..... 71 00000 
72 6666 34 6666 '12. There is a saying, "An ounce of practice is worth a pound of preaching." This means-1 Don't preach. 2 Deeds count more than words. 3 Preaching takes practice. 4 Don't practice. 
73 66666 35 66666 If a photograph that is 2 inches wide and 3 inches long if. enlarged to be 10 inches wide, how many iriches long will it be? 1 11 2 12 3 15 4 20 5 30 .. . . . .. ....... . .. . .... ............. .. ... . '13. 
'14. One number is wrong in this series: 1 2 4 ,5 7 8 10 11 12 14 What should that number be? 1 2 3 4 5 
1 9 2 6 3 3 4 13 5 16.. . .. .. .. .. . . . . . .. . . . .. .. . .. . .. .. .. . . . . . . .. . . . . . . . . .. . . . . .. 74 00000 
'15. When the time by a clock was 8 minutes past 10, the hands were interchanged. The clock then said about - 75 66666 36 66666 
H5o~ 76 66666 37 66666 '16. 
'17. 
'18. 
'19. 
80. 
1 10 min. past 8 2 8 min. past 10 3 8 min. of 2 4 8 min. of 10 5 8 min. past 2 ........ . 
A car owner uses a mixture in his radiator containing 1 quart of alcohol to every 2 quarts of water. 
many quarts of alcohol are needed for 15 quarts of the mixture? 1 7t 2 t 3 14 4 30 
5 E 77 66666 38 66666 What letter in the following series appears a third time nearest the beginning? A E C BAD DEC F BCD A E E B D 1A 2B 3 c 4D 
In a foreign language 
pira numa beg a means very deep snow; pira seco means white snow; numa copa means very well. 
What word means deep? 1 pira 2 numa 3 bega . 4 cop~ 5-seco .. .. . . .. .. ........... . 
Which of the five words below does not belong with the others? 
1 brave 2 clever 3 honest 4 generous · 5 loyal ....... ... ... . .... .. . . ......... . .. . .. . 
A boy is now t]J.ree times as old as his sister. In 4 years he will be only twice as old. How many years old 
is his sister? 1 1 2 2 3 3 4 4 5 5 ........... .. ............................. . .... . 
78 66666 39 6666 
7966666 
80 66666 40 66666 
J 
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41. A quantity which grows larger is said to -
1 prosper 2 increase 3 fatten 4 rise 5 burst 
42. A bicycle is to a motorcycle as a wagon is to what? 
1 an engine 2 an automobile 3 a horse 4 slower 
5 an airplane .. . . . . ........... .. . ... ..... ..... . ..... . 
43. Which of the five things below is most like these three: a tent, 
a flag, and a sail? 
1 a shoe 2 a ship 3 a staff 4 a towel 5 a rope .. 
44. What is the most important reason that we use clocks? 
1 To wake us up in the morning. 2 To help us catch trains. 
3 To regulate our daily lives. 4 They are ornamental. 
5 So that children will get to school on time . ....... .. ... . 
45. If the following words were rearranged to make a good sentence, 
with what letter would the third word of the sentence begin? 
houses stone built of men wood and 
1h 2s 3b 4m 5w .... ... . ..... ..... . . 
46. Which of these expressions is the most definite? 
1 soon 2 early 3 later 4 morning 5 ten A:.M. 
47. A vase is to flowers as (?) is to milk. 
1 a cow 2 a pitcher 3 white 4 drink 5 cream 
48. A lamp is to a light as ( ?) is to a breeze. 
1 a fan 2 bright 3 a sailboat 4 a window 5 blow 
49. If the following words were arranged in order, which word would 
be in the middle ? 
1 good 2 excellent 3 wretched 4 fair 5 poor 
50. If Henry is taller than Tom and Henry is shorter than George, 
then George is ( ?) Tom. 1 taller than 2 shorter than 
3 just as tall as 4 (cannot say which) ....... : . ... .. . 
51. A king is to a kingdom as a president is to what? 1 queen 
2 vice-president 3 senate 4 republic 5 democrat 
52. John is the -fifth child from each end of a row. How many 
pupils are there in a row? 
1 ten 2 eleven 3 seven 4 nine 5 five .... . 
63. Which tells best what an automobile is? 1 a thing with tires 
2 something to travel in 3 an engine mounted on wheels 
4 a horseless carriage 5 a vehicle propelled by an eng!ne 
54. Brick is to a wall as (?) is to a table. 
1 a chair 2 red 3 eat 4 a kitchen 5 wood 
55. A wire is to electricity as ( ?) is to gas. 
1 a flame 2 a spark 3 hot 4 a: pipe 5 a stove 
66. An object or institution that is designed to last only a short 
time is said to be - 1 temporary 2 changeable 
3 unsound 4 worthless 5 unstable . ...... . .... .. . 
67. Which word means the opposite of humility? 
1 joy 2 pride 3 dry 4 funny 5 recklessness 
68. A word that means suitable, fit, or proper is-
1 grotesque 2 odd 3 inadequate 4 sunerfluous 
5 appropriate ... .. .. . .... ... .............. ... ...... . 
(Go on to Page 4 under Page 2.) 
Answers for 
Page 3 
4166666 
4266666 
1 2 3 4 5 
4300000 
1 2 3 4 5 
4400000 
1 2 3 4 5 
4500000 
1 . 2 3 4 5 
4600000 
1 2 3 4 5 
4700000 
1 2 3 4 5 
4800000 
1 2 3 4 5 
4900000 
1 2 3 4 
500000 
1 2 3 4 5 
5100000 
1 2 3 4 II 
5200000 
5366666 
1 2 3 4 5 
5400000 
5566666 
5666666 
57666Q6 
5866666 
APPDDlX B 
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Schools Used in This Stud:r 
There were three schools used in this stud:r, designated 
as School A, School B and School c. From each of the schools, 
the entire population of the inte~ediate grades was used, 
so that there were 118 bo:rs and girls representative ot the 
three different buildings. 
Schools A and B were pri:tate aob.oola ot the Coantrr 
Da:r t7Pe, ancl Sob.ool C w:as a J.ars• PQbllc acbool in tu same 
cit:r. School c, however, ••p.-aeated tb.e section ot tbe 
city which had ttw pooHat leol-~.-tc atatua of all of 
the public schools. Tbe pa~••'- or the•• children were 
employed in near-bJ tactorlea, &a4 tboae not a.ploJed in 
this manner worked mostlJ 1D h1,_..7 oonatructlon. Parents 
of the children in School .l aDd B were pro.tesaional. Moat 
ot the ta tbers owned their wa bua1a.••••• cGIIIulted to the 
office dailJ or were ezacacec11n .b•U...as trips which took 
them awa:r troa hoae tor veet1 •t • tS.•• -.n1 were doctors 
and lawyers. 
The above evidence was subjective 1n uatQre1 being 
offered as information by the school authorities to the 
writer. Because the social calibre o.t School C was so 
different from tbat ot Schools A and B, it was suggested 
as the area which would contribute the greatest contrast. 
All of the schools are within five miles of each other. 
Multiple Choice Word Clasairication 
Pearl Astrid Nelson 
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Name _________________ Grade School. ________________ _ 
Date Birthdate Age ____________ __ 
Instructions: Here are some science words. After each 
word JOU will eee tbe letters, L S ~. Your teacher will 
read the wor4a r_. roa. :tt r•• tlllDk the word baa something 
to do with Licht, dl-av a rtna aroud. t~ letter L. It the 
word has somethiag to do with IIIII• dl'av a ring aro&~nd the 
letter §.. It ;yoa do not JalGtl tU ateaning ot the word. draw 
a ring aro and lm.• Be care1'ul ~ 41-e.v enl;y one ring tor 
each word. Example: t'laahligh' G.) S DK lxaaple: bang 
L {S) DK 
rlame 
noise 
vision 
tune 
halo 
torch 
lens 
rire 
vocal chords 
telescope 
hai!liloni c 
san-light 
L S DI 
L Slit 
L S Dlt 
L SDK 
L SDK 
L SDK 
L 8 DK 
L SDK 
L 8 DK 
L SDK 
L SDK 
L SDK 
al, .. •vlolet r&Ja 
NJOU.nce 
, ..... 
tranalu.cent 
kilowatt 
diftuaed 
node 
reverberation 
chimes 
vibrate 
echo 
tones 
L SDK 
L SDK 
L S DK 
L SDK 
L SDK 
L SDK 
L S DK 
L SDK 
L SDK 
L SDK 
L SDK 
L SDK 
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vibrating columna L SDK opaq11e L SDK 
modulation L S DK T.N.T. L SDK 
reflect L SDK illwllinate L S DK 
oscillations L SDK aglow L S DK 
Mt. Palomar L SDK accent L S DK 
magnitying glass L SDK hand lens L SDK 
.f'ocu.s L SDK tvaD& L SDK 
radio sonic L SDK 1ntoutlon L SDK 
decibel L S Dlt taalas•foJ'lt L S DK 
mirror L S ~ periaoop• L SDK 
camera L SDK lQIBineac enc • L S DK 
transparent L S DIC ti.apersion L SDK 
concave L S Dlt b ... L SDK 
au.ditoey L S DK phoaphor.ecence L SDK 
optics L S DK acoa.atica L SDK 
gas ligb.t L S D1t lta1fl1«oaoop• L S DK 
glitter L S lJt ... ,, L SDK 
glisten L SDK releem4 L SDK 
SOWld L SDK candle L SDK 
irradiate L SDK oral L SDK 
radiance L SDK au.reole L SDK 
.f'lashligb.t L SDK match. L SDK 
pitch. L SDK intra-red L SDK 
lamp L S DK convex L SDK 
ligbt-hou.se L SDK ray or light L SDK 
lightning L SDK 
20.3 
somm 
Herbert Oxendine Number __ _ 
Grade _______ school. __________________________ ~Date ______ __ 
Name ________________________________________ _ 
Boy{ ) Girl ( ) Age _____ Birthdate _______ _ 
Instru.ctiona: We are doiDg a study to make things easier 
tor pu.pils in the classroca. We need your help. Will you 
help ua? Place JOQP name on the ltae opposite Bame. yoar 
grade opposite grade. Plac• tba naae ot .7QUI' school 
opposite school. and to4ay•a dat. oppoalte Q!ll• It you are 
a boy. put an x in the parenthesie oppoa1 ta ll.2J:• It you are 
a girl. put an x in th• parenthaala opposite girl. Put your 
age on your last birthday in tba lS... oppoaite u.•. Nov 
place the month and day aDd year 70~ ware boron on the line 
above the words Month. Day and Year. 
For the test. read each qQ8•t1oA carer~!T and place an x 
in the parenthesis beside the b .. t ~•r• 
There may be more than one corr"t an ... r to a qu.eatlon; 1t 
there are two or mora correct aaavara. JOU. are to place 
your x beside the bast answer. Ba sure to choose one 
-
answer to each question and only ~· Attar the test starts 
you are not to speak at any time. Below is a sample ques-
tion to show you. bow to do the others. 
1. Moat dogs like to eat 
( ) a. milk 
(x) b. bones 
( ) c. bread 
( ) d. cheese 
1. Will a violin string make a sownd? 
( ) a. When it is loose and struck with a bow 
( ) b. When ;you hold it in ;your hands 
( ) c. When it is tight and plucked 
( ) d. When it is being carried in the ease 
2. Will ;you bear thunder? 
( ) a. When it is cold and raining 
( ) b. When tb.e ligtltnlag aplite the air 
( ) e. Whc the rain a tarts tallias 
( ) d. When tbere ia no lishtn1ng 
3· Will a t'lag make a aowact? 
( ) a. When it ia h1ab lD the air 
( ) b. When the wind ie not blov1.ag 
( ) c. When it is being ra1aed or lowered 
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( ) d. When it t'lopa back and forth 1n the wind 
4. Will a tuning fork aalre a 1o..a? 
( ) a. It the pro•• •• ao•~ 
( ) b. 
( ) c. 
( ) d. 
It you place it tn water 
It' rou place it on the table 
If ;you hold it in both banda 
5. Are rou able to talk? 
( ) a. Beca11se there is something moving in ;ro11r 
throat 
( ) b. Because ;you swallow air 
( } e. Because 7011 can breathe through your mouth 
( ) d. Becawse you are able to move your tongue 
6. Will a drum make a soandt 
( ) a. When the head is loose and struck with a 
stick 
( ) b. When the head is made of loose skin and 
stru.ck with a stick 
( ) c. When the head is tight and s tr&lck with 
a stick 
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( ) d. When tba heacl 1a full or b.ol•• and struck 
with a stiok 
7. Will a jug make a 8Qan4f 
{ ) a. When rou. t~ 1 t upslcte down 
( ) b • When JOU blow g•tlJ' into 1 t 
( ) c. When rou blov air acrosa the 11011th or it 
( ) d. When rou blow air lnto lt tbl'ol1gb a ateaw 
8. Will a rubber band make a aoaclf 
( ) a. If ,.ou hold S.t Ul botll hands and stretch it 
( ) b. I.t 1 t is tlsb.t aad roa. plu.ek it 
( ) e. It' rou hold oae ead 1a :rottr baud and step 
on the other eat 
( ) d. It' JOU hold one end 1n your mouth and one 
in your band 
9. Will trees make a sound! 
( ) a. When the leaves are falling 
( ) b. When the trees are near water 
( ) c. When the leaves are shaking 
( ) d. When the wind is not blowing 
10. Will telegraph wires make a soundt 
( ) a. When the wind is not blowing 
( ) b. When tbere is a storm 
( ) c. When they are ve17 high above the ground 
( ) d. When they are not covered 
11. Will a mosqW. to make a soa.nd? 
( ) a. When be ia tl7i.ag veJ!7 !'ast 
( ) b. When he is biting 7011. 
( ) c. When JOU slap bill 
( ) d. When he i• aitting on the wall 
12. Will flies make a bt1az1Dg aollll4! 
( ) a. When thq rab their teet together 
( ) b. When theJ are eatbag 
( ) c. When the 1r v1ngs aove Ye1'7 taat 
( ) d. When the7 are walld..aa on tbe screen 
13. When you whistle, aoamd. ia aad•: 
( ) a. B7 movinc JCIDr Up• toaetbeJt 
( ) b. B7 pushing JOGI' toucaa between JOllr lips 
( ) c. By moving yoLl.r java 
( ) d. BJ .forcing air through JOI.lr lips 
14. Will alltomobile tires make a singing sound? 
( ) a. When a wheel is jacked up 
( ) b. When the car is traveling tast 
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( ) c. When you place yoLtr toot on the brake very 
( ) d. When you cross tbe white line on the road 
easy 
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1.$. Will the door sq aeakt 
( ) a. If it is open 
( ) b. If it is closed 
( ) c. If it is being opened and closed 
( ) d. If it is wet and tight so 7011 can•t open it 
16. Will a policeman• s vhiatle make a soWld'l 
( ) a. Beoauae there is a little ball in it 
( ) b. Because it ia aa4e o~ wood 
( ) e. Becaaae it 1a ••• ot aetal 
( ) d. Becaue of aS,. belq blOWD tbl'oagh it 
17. Will the rails ot a ra1lroa4 aake a HWld'l 
( ) a. When the wind 1a blovlng a.r4, 
( ) b. When a train 11 abald.D& it 
( ) c. When the7 are onr a r1 ver 
( ) d. When a car 11 passing along beside it 
18. Will an electric tan .ak• a ..... , 
( ) a • When the blacte 1a hot 
( } b. When 'J'O&t turn the blade with 70\lr baad 
( ) c. When it is plggge4 in 
C ) d. When the blade is turning very taat 
19. Will a pair of shoes eqaeak'l 
( ) a. When they are worn out 
( ) b. When the7 are being shined 
( ) c. When yo a are walking w1 th them on 
( ) d. When tha.y fit J"Oill' toot too tight 
20. Will a radio make a aoaud? 
Because it val'Jila up 
Because the dial lights up 
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{ ) a. 
( ) b. 
( ) c. 
( ) d. 
Becauae it bas electric wires going into lt 
Because 1 t baa something in it tba t moves 
verJ tast 
21. Will a bell make a sound? 
( ) a. When the bell ia ••in& 
( ) b. lrlhm the elappeP bJ.ta it 
( ) c. Whm 1ou plll.l tu bell rop• 
( ) d. When tn bell. ia -Ins .tn the church 
tower 
22. Will a car bora make a aowa4f 
( ) a. Because yoa paah a buttoa 
( ) b. Becaue it is coueeted to a battel'J 
( ) c. Becaa•• theM 1a -etll1ng in it tbat: 1e 
movl.ag 
( ) d. When JOU turn the oar n1tob Oil 
23. Will the stairs make a ao.m4t 
C ) a. When a board is loose 
( ) b. When a cat rlllls ap or down the stair a 
{ ) c. When there is not carpet on the stairs 
( ) d. When the stairs move when you. walk on them 
24. Will the ocean waves make a aoand! 
( ) a. When you are .fishing 
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( ) b. When the waves hit the beach 
( ) c. When the waves hit each other 
( ) d. When the ocean is calm 
25. Will chalk make a sound? 
( ) a. When roa hold it against the blackboard 
( ) b. When JOU hold it in both hands 
( ) c. When roa la7 it down ea17 
( ) d. Wh• J9a 1'\lb 1 t ot'er the blackboard 
Page 210. otis Quick-Scoring l•lental Ability Tests. l~ot 
microfilmed at the request of Boston University 
School of Education. 
University ~licrofilms 
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PERSONAL INTERVIEW ONE (PRE•TEACBING) TAPE RECORDED 
Date Birthdate ____ _ 
Name I. Q. 
Question 1: What have you been doing 
in science this year in 
school? Anything else 
you can remember about 
science 1n school? 
ANSWER: 
Question 2: Do you ever learn about 
science from televiaion 
or radio? 
ANSWER: 
Question 3: What books about science 
have you read? Wbat 
school science books; 
what library booka; 
what books at bo.m.e'l 
ANSWER: 
Qnestion 4: I am very interested 1n 
finding ou.t wba t yo a know 
ANSWER: 
about SOUND. You are going 
to stndy about it in school 
this year, bu.t I want to know 
what you know about it already. 
Tell me,- do 7011 know what 
makes ao W'ld'l 
Question .$: Now I'd like to know what 
you can tell me aboat LIGHT. 
Yoa are going to stwir LidfiT 
this year, too. Tell me all 
you can about LIGHT • 
.ANSWER: 
Q,aestion 6: How did you learn these 
things? 
ANSWER: 
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PERSONAL INTERVIEW TWO (POST-TB&CHING) TAPE RECORDED 
Date Birthdate. ___ _ 
H-.e I. Q. 
Question 1: Wb.a t have you been doing 
in science this year in 
school? Anything else 
you can remember about 
science in school? 
ANSWER: 
Question 2: Do you ever learn about 
science trom television 
or radio? 
.ANSWER: 
Question ): What books about science 
have you read? School 
books; librar,r books; 
books at home? 
ANSWER: 
Question 4: I am very interested in 
finding out what you know 
about SOUND. I understand 
that you bave been studying 
SOUND this year. Tell me 
the things JOU remember. 
ANSWER: 
Question S: Now, I'd like you to tell 
me all the things yoa 
remember about SOUND. 
ANSWER: 
Question 6: How did you learn these 
tbi:ngs? 
ANSWER: 
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OBJ.ECT-CLlSSIFICATION TEST 
somm 
Name ____________ __ 
A check ( ) indicates correct response. 
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School. ____ _ 
Grade ____ _ 
.OALOGUE Remarks which accompanied 
correct classification. 
Tonette and Recorder 
Sea-shell and Jug 
Horn and Reed 
Tuning-fork and Bell 
Violin bow and File 
Earmuffs am Inslllation 
Telephone and Stethoscope 
Bat and Dog Whistle 
OBJ.ECT·CLASSIPICATION TEST 
LIGH.r 
Name ____________ __ 
A check ( ) indicates correct response 
School. ____ _ 
Grade. ___ _ 
ANALOGUE Remarks which accomlanied 
correct classitlcat on 
Spectacles and He.n4 Lens 
Mirror and Bicrcle-Reflector 
Transparent Package and Goggles 
Microscope and Telescope 
Translucent light bulb and 
Waxed Paper 
Camera and Eye 
Prism and Paint Set 
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Table 6.$. Swmnary of the Analysis of Variance Results for 
Test 1. Word Classification Teat. 
Test 1 
Source ot Sum. ot 
Variation SQuares df Mean Souare F.05 F 
Grades •••••••• 679.99 2 340.00 3.09 ~3.67 
Social Group •• 31.64 1 31.64 3·94 
-Interection: 
G X s ••...•..• 85.73 2 42~~~ 3.09 -Within Groups. 10368.hl 112 92. 8 
Total ••••••• 11165.77 117 
(Horizontal line indicates F was less than 1.0) 
Table 66. S~ry ot the Analysis ot variance Results tor 
Test 2. Word Classification Test. 
Test 2 
Source of Sum of 
Variation Saa.ares dt J!a2lance F.05 F 
Grades •••••••• 789.15 2 394.58 3.09 --'$6.79 
Social Group •• 380.17 1 380.17 3.94 ---6 • .5.5 
Interaction: 
G X s •.••....• 380.88 2 l~p-44 3e09 3.28 Within GrouDa. 6Soh.o8 112 8.o7 
Total ••••••• 8054.28 117 
~l-Significant at F.Ol level. 
Table 67. Difference Scores tor Word Classification Test 
Difference Scores 
Source of Sum ot 
Variation Sauares df' Variance F.os F 
Grades •••••••• 36.15 2 18.08 3.09 
-Social Group •• 192.47 1 192.47 3·94 2.34 
Interaction: 
G X s •.•...••• 101.73 2 50.86 3.09 .. 
(concluded on next page) 
Table 67 (concluded) 217 
Difference Scores 
Source of Sum of 
Variation Squares d.t Variance F.OS F 
9201.42 112 82.16 ------ ~-Within Groups •• 
Total •••••••• 9531.77 117 
(Horizontal line indicates F was less tban 1.0) 
Table 68. Summary of the Analysis-or-variance Results for 
Oxendine Sound Test. Analysis of Variance. 
'~'est J. 
Source of Sum of 
Variation Squares df Variance v.os F 
Grades ••••••••• 5.72 2 2.86 3.09 --
Social Group ••• 88.17 1 88.17 3·94 ¥-13.38 
Interaction: 
G X S•••••••••• 6.92 2 3.46 3.09 
Within Groups •• 738.00 112 6.59 
Total •••••••• 838.81 117 
_..{~Significant at .01 level 
Table 69. Summary of the Analysis of Variance Results for 
Oxendine Sound Test 2. 
!eat ~ 
So 1.1rc e of Sum of 
Variation Squares d.t Variance F.os F 
Grades ••••••••• i3·33 2 21.66 3.09 >: 3·74 Social Group ••• 4·52 l. 64.52 3.94 >"ll.J.4 
Interaction: 
G X s •.••..•••• 28.82 2· 14.41 3.09 2.49 
Within Groups •• 648.66 112 5.79 
Total •••••••• 785.33 117 
*Significant at .01 level. 
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Table 70. Difference Scores tor Oxendine Sound Test 
Difference 
Scores 
Source ot Sam or 
Variation SQuares dt variance F.05 F 
G!'atlea ••••••• 41.~7 z 20.68 3.09 4.50 Social Grou.p. 1. 4 1 1.84 3·94 -Interaction: 
G X s •••.•••• 3·49 2 1.74 3·09 
-Within 
Grou.ps ••••••• 515.00 112 4.60 
Total •••••• 5ol.70 117 (Horizontal line indicates F was less tban 1.0) 
Table 71. S~ary ot the AnalJSis-ot-Variance Results for 
Object Classification (Light), Test 1 
Test ~ 
Source ot Sum ot 
Variation Squares dt Variance F.05 F 
Grades •••••••• 5.96 2 2.98 3.09 
-Social Grou.p •• .56.93 1 .56.93 3·94 15.14 
Interaction: 
G X s ••••••••• 6.99 2 3 • .50 3.09 
-Within Groaos. h20_-~7il 112 3. 7__6 
Total ••••••• 490.62 117 
~H~Significant at .01 level. 
Table 72. Summary ot the Analrsis-ot-Variance Resu.lts tor 
Object Classification (Light), Test 2. Analrsis 
ot Variance. 
Test ~ 
Sou.rce of Sam of 
variation S~u.ares dt Variance F.05 F 
Grades •••••••• 2.5.69 2 12.84 3.09 1 • .51 
Social Groa.p •• 3.59 1 3·.59 3~94 
-Interaction: 
G .x s ••••••••• ,5.03 2 2.52 3.09 
-Within Grou.ps. 969.11 112 8.65 
Totals •••••• 1003.42 117 
(Horizontal line indicates F was leas than 1.0) 
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Table 73• Ditterence Scores tor Object Classification (Light) 
Ditterenoe 
Scores 
Source ot SUm or 
Variation Squares d1' Variance F.o5 F 
Grades ••••••••• 17.53 2 8.76 3.09 .. 
Social Grou.p ••• 31.90 1 31.90 3·94 3·31 
Interaction: 
G X s ••••...••• 8.33 2 4.16 3.09 
-Within Groups •• 1059.06 112 9~h6 
Total •••••••• 1116.82 117 
(Horizontal line indicates F was less than 1.0) 
Table 74• Summa:rJ ot the Analyais-ot•Variance Resu.lts tor 
Object Classification (Sound), Test 1. Analysis 
ot Variance 
Test l 
Sou.rce ot sum or 
Varia ti.on Sau.ares elf' Variance F.Q5 F' 
Grade•••••••••• 45.66 2 22.9~ 3.09 .~ 5-47 Social Grou.p ••• 34·78 1 34·7 3.94 .e 8.30 
Interaction: 
G X s •.••..•••• 8.72 2 . 4.36 ,3.09 1.04 
Within Groups •• h69.50 112 1i.19 
Total •••••••• 556.86 117 
~ *Significant at .01 level. 
Table 75• SUMmary ot the Ana1rsia-ot-Variance Resu.lts tor 
Object Classit1cat1on (Soand}, Test 2. Analysis 
ot Variance 
l'est 2 
Sou.rce ot sam ot 
Variation Sg__aares dt Variance F_._o5 F 
Grades •••••••• 58.21 2 29.10 ).09 3·55 
(conc1u.ded OD aext page} 
* i:-
Table 75 (concluded) 220 
Test 2 
Source of saa or 
Variation Sctu.area cl1' Variance F.05 F 
Social Grollp •• 94.20 1 9Q.zo 3·94 11.49 
Interaction: 
G .x S••••••••• 33.2~ 2 16.64 3.09 2 .. 03 Within Groups. 918_.o 112 8.20 
Total ••••••• 1103.76 117 
il-Significant at .01 level. 
Table 76. Difference Scores for Object Classification 
(Sol.lnd) 
Difference 
Scores 
Source of sum or 
Variation SQ\l&res df Variance F.05 F 
Grades •••••••• 1.02 2 o.51 3.09 
-Social Group •• l4e50 1 14.50 3·94 2.48 Interaction: 
G X s ••.•.•.•• 9.96 2 ~.98 3.09 
-Within Gro\lps. 655.oo 112 .85 
Total ••••••• 680.58 
(Horizontal line indicates F was less than 1.0) 
Table 77. Anal7sis of Variance tor I.Q. Scores 
source BUill or 8Quar•• CU' var1ance F.os If 
Grades ••••••••• 626 2 313 3.09 2.1~ Social Group ••• 3157 1 3157 3.94 21.4 ** Int~ction: 
G X S•••••••••• 900 2 ~~~ 3·09 3.06 Within Gro\lPS•• l6hh8 112 
Total •••••••• 21131 117 
--
*Significant at .05 level 
Note: There are no s igniticant differences among grades with 
regard to intelligence, whereas there is a significant 
difference between the intelligence level of the two 
socio-economic groups. 
APPDDIX 0 
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SCHOOL A 
Number ot Pupils: 11 Grade 4• 
Before Instruction Light 
Light is something you see tram. You can make light 
by putting on lights. Yoll press the light switch. The 
sun makes some light, too. Light conld cODle :from a 
battery or flash-light, maybe a light-bulb. Electricity 
gives it to the bnlb, I think. Ontside, the sun and the 
moon and stars give light. 
The san causes light and light bulbs, too. At night 
sometimes the moon makes moonlight and I guess there is 
starlight, too. !hat's all I know about light. 
I know that electricity makes light and I know a 
little about lightning. Clouds smash into each other. 
Yea, clouds make lightning. 
The sam makes light and there is light in this room. 
I g11ess it comes :from the sun, becallSe at night we have 
to put lights on. Light is electricity. The wires to11ch 
each othe~ and you get light; we have some toy dogs and 
there is a battery inside and. when a light goes on inside, 
they shine. The stars, and moon and sun all give light, 
too. 
Lots of things make light; the s11n, the moon, electric 
lights, lighted signa. We need light so we can see. 
The moon makes light at night, and helps ua to see. 
The sun helps us to see in the daytime. We put on lights 
at night aDd that helps us to see. Those lights come from 
electricity in the wires. Well, the electricity comes 
from somewhere; I dontt know where. 
We have lights &1P on the ceiling, and they light up 
the roaa for us; ontdoors we haYe the sun to give us light. 
The sun makes this room light and it it were dark 
o11ts1de we would have to put on the light. Outdoors they 
might put the.atreet lights on, too. 
SCHOOL B 
HWDber of Pupils: 9 Grade 4. 
Before Instruction Light 
Light is something about reflection. The light shines 
on- something and it is very bright. The stars are big and 
you can see them in a telescope. The moon will give light, 
and the stars and the san. There's tbe sanshine; the sun's 
ra,-s are light • 
Sunlight can 
gives you a b~rn. 
need the light to 
be dangerous. You get too much and it 
The SWl gives light to the world. We 
give light in the da7t~e. 
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Light helps us to read pages in books. I have heard 
about intra-red and ultra-violet; but I don•t know what 
they mean really. 
T. v. bulbs give light and fire gives light and the 
sun does~ too. There are things like rays that come from 
the sun. 
Light comes from the sun but there are other kinds of 
light, too, like reflection. Plants need sunlight and we 
do, too. 
We use electricity tor lights and that comes from 
power; it's electric power and I think it comes from water. 
We use electricity tor oar lights and there is a 
vacuwa in tbe bulb, and then tne metal glows. 
Light goes tbru the air. I saw a picture about light 
rays and a plane or something. 
We have lights that are ran by electrical power. I 
don't know much about power but when we don't have it~ we 
miss it. 
SCHOOL C 
Naaber of Pupils: 9 Grade 4• 
Before Instruction Light 
A light bulb gives light. 
Most of our light comes from the sun and we need the 
sun (2). We get lights from electricity. 
There are lights here for night ttme. 
There are electric lights and I put them on in the 
kitchen at home in the morning when it is still dark out 
{2). That comes from wires and 70t1 plug in and the light 
comes on from electricit,r. In the pilgrim stories we read 
how they made candles and then later they used lamps; they 
didn't have electricity. 
Stars give light~ too. Electricity comes from a tower, 
I think. 
Light is when you press a button and the light goes 
on (2). 
It's light outside; that's what I know about light. 
The light comes from o11tside aDd it gets in through 
the windows. If there are cloQds~ we can•t get light tram 
the s~ and we put on the lights. 
The sun and the moon both give light. 
Light is like a candle or aoaething that shines. 
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SCHOOL A 
Nwaber of Papils: 16 Grade 5. 
Before Instruction Light 
Light travels in waves and much taster than sound. We 
need light to live and everything needs light; plants would 
die without it; even the sky woald.n't be blue. Then, there's 
the light you need to see correctly; if you can•t see you 
wear glasses and these glasses are really lenses. We have 
a prism at home and that bends light into the rainbow 
colors which you can see onlJ in this way. The colors are 
always there but you can•t see them unless they are bent. 
Any kind of scope has something to do vi th light-· like 
telescope and microscope. The telescope brings things up 
close so you can see them like the stars and the moon; the 
sun gives light to the world and electricity lights up the 
wires and we turn on the lights at home (2). 
There is light and there is dark. When the sun is out 
there is light and when it isn't out it is dark outside. 
We have artificial light, too, like light balbs. The stars 
and the moon give us light, too (2). We get our light 
mostly from the sun (3). The moon and the stars give light 
and somet~es reflect light; I don't know wn,. 
You need good light to read with or you will have to 
wear glasses. 
Street lights and auto head-lights give light. 
A flash-light has something in it and it gives a light. 
Some things give light besides the a~m, like the stars 
and the moon and sparks from a tire when they fly at night. 
Then there are fireflies too. 
There is sanshine and moonshine (4). 
We get our light from electricity. 
You see things by light and it was discovered by 
Benjamin Franklin. He first got electricity from a light-
ning rod. He flew a kite and it made a fire. Lightning 
has a big force. Sometimes they say: "She has magnificent 
light." 
I know about television light; light comes in waves 
and they strike the picture tube and the picture is in the 
waves. 
Some light bulbs shine brighter than others. 
Sometimes in a car the head-lights are so bright tb.a t 
they blind you a1aost; bright lights are not good for the eyes. 
My father is an electrician and so he tells me about 
wires. He can fix them. Light bulbs give 11gb t and the 
flashlights have batteries in them and they give a kind of 
light, too (2). There are m&nJ kinds of light bt1t the sun 
gives us the most. 
225 
There are light colors and dark colors and there are 
br.!ght colored lights like those far the Christmas tree. 
Some lights give off more light than others. 
You can look to a mirror and see yourself and that 
has something to d with light. 
SCHOOL B 
NWilber of Pupils: 13 Grade 5. 
Before Instruction Ligllt 
We get most o our light from the san, and we have 
electric lights an things like that too. A television set 
has a halo light a it gives a better picture. 
I suppose lig t is electrical or something. 
The sun gives light. 
I read a libr ry book about Thomas Edison and bow he 
invented tbe first light bulb; befo~e that, people used 
candles and ~erose e lamps. At night it's dark and no sun-
light so you can p t on lights to help you. Lightning is 
light (2). 
It's light an dark and I don't know why. 
or course the sun gives ua the most light (4). 'fhe 
ann is all gases; he earth and the sun crashed and that 
made more earth. n the old days they used kerosene lamps, 
and they still do n the country. 
Light comes f m electricity and that comes from water 
falls and things; ben ~ere is static electricity, and that 
doesn't give light 
Light is brig tness; somettmes you have a steady beam 
like a searchlight or flash-light. 
Well, you hav to bave a generator to have electricity 
which makes light; like the Bdiaon plant. 
SCHOOL C 
Wamber ot Pupils: 11 Grade 5. 
Before Instructio Light 
You can see b the lights in tbe house. .Light comes 
from the electric! • Saaett.es the moon gives light. 
Street lights lig up when the sun goes down. 
We have light in school; that's all I know. 
Light makes you see. 
Stars give light and the moon does, too. 
You see with your eyes aDd you have to have light. 
The san gives us light (3). Electricity gives us 
light (2). 
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When it's day we have light. At night we have to use 
electricity. The stars and the moon give light, too (2). 
You have to bave light or plants or even people won't live 
very good; marbe they die, even. 
The earth and the moon go around the sun and that 1 s 
how we get our light. 
We planted some flowers once and we learned that 
flowers needed the sunlight and seeds do too. 
The sun has tbe most light and it gives it to the 9 
planets. The moon gets ita light !"rom the sun. You. can 
see a rainbow when the sun g08s through water drops. 
SCHOOL A 
Naber ot Pupils: 21 Grade 6. 
Before Instruction Light 
Electricity is where we get our lights tram (2). Fire 
is light and a candle and a match would give light too, but 
not as much. The sun gives most of our light; it isn't out 
all the time though. The clouds hide it. 
The sun gives us the most light, I think (7). The sun 
shines on some things and they give otf more color than 
others. Black absorbs color. Blectr1eity can give light 
too {7). Light bulbs have lots ot electricity in them. 
All I know about light is that when you want to put on 
a light inside the house, you just push a button or pull a 
string. Light comes from a bW.b. 
You can see through same things,- that is like a 
window, and there are other things like that. Some paper 
you can see through too. Then there is light from the sun 
which we need to see. We put on lights inside when the sun 
is gone away. 
We have to have light to see. Things would die it you 
didn't have light. In a microscope you have to have light 
to see the things. Windows let light shine through. If 
you put glass in the sun you can start a tire. 
In Sunday School we learned about how plants travel 
toward the light. We did an experiment once about covering 
up a lighted candle with a glass and then the light went out. 
When the swn does not shine we have to put on the 
lights, like at Christmas time; then there are Christmas 
tree lights colored and plain and bright (2). 
Light comes from the sun and everything needs· light (2). 
Flowers and plants aeed light and we do too (2). 
Light can come trom a candle, flashlight or lantern (5}. 
You can get a sunburn it you get too much sunshine. 
The sun has rays. I've heard about the sun having reflec-
tion. That means that something shines back like something 
shiny. 
227 
Lightning makes light. At night there is a moon which 
helps to light up the earth when the sun goes in. Some 
bugs give a light: fireflies. I don't know bow they do it. 
All I know about light is that you can see light with 
your eyes (2). Some light is brighter than others, though. 
Light has to do with day and night. We keep a weather 
chart and it tells about the sun rising. The s~ shines 
through a colored window and you know a lovely thing 
happens: it turns everything all beautiful colors like at 
church. 
Lightning makes light flash across the sky (2). 
You need light to read by or you can't see correctly 
and you hurt your eyes. Fire gives both heat and light. 
If you study astronaay, you learn about light. too. 
The san and moon and stars all give us light. 
OOOO~B 
Bamber of Pupils: ll Grade 6. 
Before Instruction Light 
Light travels taster than sound. Edison .-de a 
vacuum in a ligbt bulb and finally got the metal to burn. 
When the moon is full, it shines upon the earth. 
It's reflected light from the san. We have electricitJ 
and that gives light alaoat like sunlight. 
Light depends upon the thickness or the bulb and the 
wire. There's a power plant that runs on coal or water 
and that power plant sends electricity to our homes and 
that's how we get light. 
Nothing much would live without the sun and tb$t•s 
where we get our light. The san is huge and when it's 
cloudy we can always use artificial light. The spot-light 
on a car is pretty bright. 
Light travels slower than sound. You turn the light 
on and it doesn't come on right away. 
Light travels fast. Blectricitr is light aDd we use 
it tor heat and light and power. The sun keeps everything 
alive. 
There are colored lights as well as just light. When 
it's dark outside that means tbat the sun is gone down. 
We need sunlight to see. Light travels 186.000 miles per 
second. 
There are lots or kinds ot light. There is a huge 
telescope at Mt. Palomar in California and you can see the 
stars and things. At the Museaa of Science in Boston, I 
saw a microscope worth t2,000. Then there is artificial 
light like electr1c1tJ, that oaaes from power. 
We owe a lot to the san. It•s the sun that keeps us 
alive. Then we have electricity and it comes through wires 
tram a power house. That's artificial light. 
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I think abont reflection aDd how a mirror reflects 
light. The sun is onr main source ot light, but of course 
we have artificial light-- lamps and batteries and things 
like that-- mostly electrical. 
Man uses electricity for light power and of coarse we 
have the sun, too, to give both heat and light. 
I'm not too sure about light; I read somewhere about 
how light reflects. You can see by both natural and arti• 
ticial light and some light is reflected. Light in oar 
houses comes from electricity. Usually electricity comes 
from a power house. Water power makes the generators and 
the motors go. 
Light is the sun and electricity and things like 
artificial light, like you wonld use in a microscope. 
SCHOOL C 
Number_ ot Pupils: 17 Grade 6. 
Before Instru.ction Light 
Sometimes I get my sister's mirror and I get a flash-
light and pnt it on the mirror and it reflects. I pull np 
the venetian blinds and people walking by see it. I just 
do it tor tun. 
Sometimes when my father u.ses his electric saw he nses 
a transfor-mer; the lights get dim then. There is not so 
much electricity in the wires. 
Light is like in this room. You see light with your 
eyes. You. can put on lights when it gets dark. 
The sun giTes us light (2). It shines. We pnt lights 
on at night. 
If two clou.ds crash together, tbat makes light, and it 
makes sound, too. 
Sometimes light reflects. We got electricity in light 
bulbs (4). And they are good when the sun isn't shining. 
Another kind of light is tire-light; that's pretty. Street 
lights can be pretty, too. 
Yon got the san to give sunlight and the moon gives 
moonlight; now at night you got electric lights and flash-
lights (2). 
Rays from the sun make it light. Electricity gives 
light trom lightning bnlbs. It' 70u hold a mirror in the sun 
the san 1 s ra7s make a reflection. 
Plants and trees need sunlight. 
You get light from the moon and stars and SWl, too. 
You got to have pCii er to get light, and you get that 
trom a generator, bnt we nse electricit7 tor other things 
beside light. 
Lightning is light. It was discovered by Benjamin 
Franklin 1n Sou.tb Boston. 
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Lamps give us light and they take kerosene, but the 
lights in a car run by batterr. 
Yoll can get a s unba.rn from too m11ch sun and tb.a t 1 s 
light. 
Once I made reflections on the wall with my flashlight. 
Mirro•s have reflection. I have a microscope and 
there's a mirror on it and I uae a flashlight to get the 
light. It bas 60 power and 100 power. 
In the early days they dida 1t have wires and electricity 
and things like that. We talked about that in school. 
SCHOOL 1.. 
Namber ot Pupils: 11 Grade 4• 
Before Instruction Sound 
I've hear4 about a soUDd chamber. But I can't really 
explain it. It sounds all hollow. I think. 
There are all kinds 61 soands. 
Some sounds are loud and some soft (3). 
Noise makes soand, I guesa (3). 
You knock two thtngs together and get a sound. 
Same sounds are lo11d and same so110ds are pretty. 
It you take a rubber band and stretch it, it makes a 
noise like }1n'i 
Sound s a 1 kinds ot noises. 
Some solll'lds I like very aach, like the soWld of a 
piano and the sound of a dr&a. 
When I was in the tirst grade the teacher would tell 
us about an old lady tbat would go "•h". I guess that was 
a f'llDny sound to help 11s with our reading. 
SCHOOL B 
Btllllber ot Pupils: 9 Grade 4. 
Before Instruction Sound 
When there is a loud noise, tbat is what you call 
sound, I guess. 
All I know is that you can hear sound (2). 
Sound is like thunder. Thunder comes because the clouds 
get tilled with dust. They get tilled and they bump or 
something. Thunder is a loud noise and there are little 
noises too. 
There are sound waves and they get bigger and bigger 
and spread out. 
Sound is like noise and it comes trom the air and 
goes,_ to yoar ears (2). 
Light travels taster than sound, I remember that. 
There are all kinds of sound in the world and they are 
in different ways. 
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On a T. V. program a man talked abo11t sound. There 
was something abo11t vibration but I don't remember what 
he said. 
Sound travels thro11gh the air. 
Sound is slower tban light. Light you can flick a 
switch and the light goes on or ott. 
SCHOOL C 
Number ot Pupils: 9 Grade 4. 
Before Instruction So and 
Yo11 hear with your ears. 
Some so11nds are load and some soft (2). 
Some so11nds are pretty. 
The telephone makes a ringing so11nd (2). 
I guess there are all kinds ot sounds. 
I remember about a hearing test, and yo11 could tell 
it you heard a sound. 
dogs. 
Sound could be like the birds singing. 
Sound travels through the air. 
You hear sound trom things in 7011r ear. 
Some sounds I like, like masic, but I bate barking 
Music is sound. 
Some so11nd isn't music; it is noise. 
Sound is music. 
I don't know how 7011 get sound but I think it is all 
kinds of instruments. 
Somettmes you hear a dog bark or a horn blow and 
that' a sound. 
SCHOOL A 
Number ot Pupils: 16 Grade 5. 
Before Instr11ction Sound 
Sound is caused by something vibrating. It travels in 
waves like light does only macA slower. You can hear how 
slow thunder is after the lightning. Then there are all 
kinds of so11nds like high and low and loud and soft and 
pretty and noisy. 
Sound is caused by vibration like when you talk over 
the telephone, you get vibrations. Once I saw a man on 
television and he said something about vocal chords that 
vibrate. He said they vibrated wben you talked. 
Some sounds are pretty ancl some are loud and like that. 
Some sounds are beautif'lll and some sounds are awful. 
I don't know exactly what causes so11nd but it's like 
noise isn't it? I suppose sound is noise (3). 
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Same noises are loud and they scare you. You might jump. Some noises are squeaky and high. 
Sound is caused by air pressure. You hear sound like 
music and it flows together. Same music is loud and some 
is soft. 
You hear sound with your ears, but I don't know what 
makes sound. There are sounds like buzzing and trees and 
things like that. And there are things like pretty music 
and soft music. Your voice is different when you sing and 
when you talk. 
Sound is all kinds of noise. Some are loud and some 
are soft, same are pretty and some are ugly (2). 
Sound is a noise and it always comes from your mouth. 
I don't know what makes it--saaething like air or something 
1n your throat. 
Sound is the way you talk. It might be loud and it 
might be soft. It is like music, too. 
Well, I know 2 way radios; they make sound. You turn 
on a switch and then turn to different channels. You turn 
to short waves. Sound comes out. 
I know about echoes; they go through the air. Sound 
is carried in the air. You say something and it sort ot 
bounces back and that's an echo. 
Many things make sounds. For example: bells ring, 
and tbat 1 s a sound. We bear with our ears and you can hear 
things from a great distance. Of course that depends upon 
the loudness of tbe sound. 
Sound is music usually. I like music. Once I read in 
a school book about an experiment to do about sound. You 
stretch a rubber band and pluck it, and it gives music. 
The telephone makes a sound and tbat isn't exactly music, 
is it? 
Sound is like when yoa're talking, your tongue does 
it; then your ears hear what you say. Same people have 
better hearing than others. My favorite sound is a 
horse's whinny. 
My singing teacher talked about sound once. She said 
that you have vocal chords here, and when you sing they move. 
Same materials absorb sound better than others and it sound 
isn't absorbed it bounces right back and we get an echo (3). 
At home I turned on the radio in one room and then 
went into the other room aDd pat a glass to the wall and 
listened. The music was louder. 
When you talk or yell 1n the woods or 
it's quiet you can hear Tery good usually. 
can scream out very loud and make yourself 
big way (3). 
somewhere where 
Sometimes you 
beard over a 
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SCHOOL S 
Number of Pupils: 13 Grade 5. 
Before Instr~ction Sound 
Sound is a noise and it comes f'r011l your vocal cb.oria. 
Sound is a noise and it is made trom vibrations in the 
windpipe. 
When you hit a metal it makes different kinds of sound 
from hitting wood. A telephone rings and that is sound. bu.t 
that is a different kind of sotmd too. 
Once there was a program on television abou.t how 
important yo~r tongue is and it helps you. make sound. 
You. couldn't speak without your tong~e but I don't know 
the reason tor that. When hot and cold air meet you. get 
thunder. 
Two clouds come together and that makes thunder. 
Sound is science and I don't know what causes it. 
Once I read a bible stor.y about Joshua conquering 
Jericho. They pounded their teet on the ground and the 
sound waves came up and busted the valls. 
Sound is caused bJ vibrations in the air. 
You. hit two things together and that makes a noise and 
so noise is sound. Some noise is faint and same noise is 
loud. It the sound is weak you don't hear it very well. 
Sound is noiae and you hear it w1 th your ears. 
SCHOOL C 
Number of Pupils: 11 Grade 5. 
Before Instruction Soond 
When you make a noise. that is sound. 
Soand is like noise. I like the sound of a church 
bell best of all. 
Sound makes like noise. 
Sound is noise and there ia lots of noises like church 
bells and things, or you hit a nail or something or you 
might blow a whistle. 
I guess tbat any noise is sound (3). 
You talk with JOUr tongue and it you didn't have a 
tongue you. couldn't speak. There is also a tissue in your 
throat and that helps you. to talk too. My brother told me 
that. He bad his tonsils out. and he learned that in the 
hospital. 
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SCHOOL A 
Number ot Pupils : 21 Grade 6. 
Berore Instrnction Sound 
My favorite sonnd is music. I like sy.mphony music the 
best. But I play all kinds, too. I don't know much about 
what makes soWld, because I never read milch abo11t it. 
I don't know what makes sound; but I'll tell you what 
makes my favorite sound. It's the whinny of the horse. I 
think that's a beautirul sound. Music is pretty and that's 
sound (2). 
You can make soands yourself in many different ways. 
Yon can play music and that'smund, or you can do things 
like blow through things or tap on things and that makes 
sonnd, too. When you whistle you blow air through your lips. 
It you blow into something like a bottle you get a very 
pretty sound; most sonnds are pretty but so.me are too loud. 
Music, thunder, those are both sound. In a bell the sound 
is made by the clapper hitting the inside of the bell. 
There are all kinds of bells and all kinds of bell sounds. 
Sound is caused from vibration like rubbing your finger 
on top of glass. I do some things like that with daddy; we 
make .sounds with our forks and he told me about vibration. 
He said that the ear can really hear ten notes between each 
note on the piano. Bats work by sound also. There are all 
kinds of noises and that's sound (3). 
Sot.md is caused by vibration in the air. And this 
brings sound to our ear and than our brain tells us about 
what it is. 
Once I took a ruler and put it over the side of the 
desk and h1 t it and it made a so11nd. 
Sound is ca11sed by vibration; I don't know what that 
means exactly, but I heard someone say that. 
There are loud sounds and soft sounds. Usually music 
is sound that is pretty. ' 
I think that sound has soaething to do with noises 
such as trains make and cars. Some sounds are high and 
some low. 
I read about sound but it was really about thunder. 
Thunder is made when there is contacting with lightning. 
I don't exactly understand about it b11t I read that it has 
something to do with clouds and electricity. 
It you listen closely there are many different kinds 
of sonnds, like sizzling and whistling and loud and soft 
noises and sweet noises. I like to bear the wind through 
the trees at night. It has a nice sound like swish, swish. 
There are lots of different kinds of sound it you 
think about it. I never did before. There's the sound of 
your voice and then the sound of things like motors and 
mechanical things. 
234 
I used to put a ball in m, mouth; the speech teacher 
told me to. You have vocal chords which vibrate and they 
help you to speak. 
Samewbere I heard about sound waves but I dontt know 
how they work. 
The air goes in waves or something, but I don't 
understand it very well. You can hear sound but something 
has to start it going first. 
Noise is sound and that is veey annoying. 
You bear sound with your ears and your brain helps, 
too; there are sound barriers and you can't hear above 
them. Most uimals can hear more than humans do. A bat 
has high frequency and he can hear aore than we do. A 
bat can go in the dark because he makes a sort ot echo 
and it tells him where he is. A dog can hear more than 
we do, too. 
SCHOOL B 
Namber ot Pupils: 11 Grade 6. 
Before Instruction So and 
I read that sound travels in waves. 
Light travels taster than sound, and a jet plane 
proves this. You see it way past you, and the sound is just over you. 
I read that sound doesn't travel very fast in the air. 
Sound goes slower than light, too .• 
Sound travels slowlJ, it goes much more slowly than 
light does, but I can't reMember the exact figures. 
Your voice produces sound aDd you can learn to throw 
your voice. I think that's like an echo. 
There are all kinds of sounds like high and low and 
deep {2). The wind can make sounds howling and screeching. 
It you drop so.metbing, it makes a sound when it bits. 
You have vocal chords and that• s what makes sound when 
air goes over thea. Your vocal chords vibr-.te and sound 
comes out. You got to have vibration. It depends on the 
amount ot air, too, or the kind of gas in your lungs. 
Take hellam for instance. When you take it into your 
lungs and exhale, your vocal chords vibrate faster and your 
voice comes out higher. Then there are things to do like 
put a comb over some paper and the paper vibrates and you 
get a more or less ausical sound. 
Sound travels in waves. .A aegaphone directs the 
sound waves better. If you are deat you can hear by a 
hearing aid and that transforms sound louder. 
Somewhere I read that sound travels 1100 miles per 
second. Then I read about your vocal chords; they vibrate 
and tbat makes you talk. 
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It yo~ blow something the air makes the vocal chords 
vibrate and your tongue helps to form the special sound. 
Sound travels 1100 feet per second and goes much 
&ower tban light(2). 
Sound travels in waves and you hear it with your 
ears. Things way ott get faint as they travel in the 
soand waves. Sound can go through some things besides 
air, like thin walls. 
It takes sound 5 seconds to travel a mile. Light 
goes much faster than that. You can tell because first 
you see a thing explode and then you hear it much later. 
SCHOOL C 
Nwaber ot Pupils: 17 Grade 6. 
Before Instruction Sound 
Once the teacher told us that a dog had more sensitive 
ears and they could bear better than us. I play the trumpet 
and you block ott the air and that makes sound. 
We live near train tracks and when the train goes by 
the whole bouse shakes. You call that vibration. It's a 
diesel. My father has an electric saw and when he uses it 
the hoaae vibrates. 
I bow someone who knows the Morse Code and that's 
like tapping sound. You hear sound with your ears. Deaf 
people can•t bear good (2). 
Sound is noise (5). 
SoUDd goes slow. It's the slowest thing. Someone 
told me tba t. 
I don't know about sound but there are sound effects, 
like things that aren't really making the sound. 
Sound is vibration(?). 
Something tells your brain what you are bearing. 
I saw all about sound on television. Then I read 
about a girl who got blamed tor breaking a glass. Now the 
tire was burning in the fireplace and the sap in the wood 
exploded and made such a noise it broke the glass. 
There is two kinds of sound, loud and soft. A whisper 
is a soft noise. 
My friend plays the accordion; that's kind of loud 
sound, with air. 
When you tighten something, it makes it higher (6). 
Sound is pretty music. You play it on the piano. 
There are different keys on the piano and th&,J make differ-
ent sounds (5). 
When you bang two things together you make sounds (5). 
I don't know about sound. All I can think about is 
music. 
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It you bang like on a cover you get vibration and that 
makes sound; I think I saw that on television. 
We do experiments about sound at home, like hitting 
forks together and tilling glasses with water. I read about 
vibration and sound is vibration. 
Yoll blow in a trumpet and that makes sound. A xylo-
phone makes sound; some instraments like the violin and 
bass make good sound-- I don't know how, though. 
SCHOOL A 
Number ot Pupils:ll Grade 4• 
After Instruction Sound 
We did experiments to show that sound is caused by 
vibration {4). We learned about musical instrwments and 
some ot them you blow into and finger them and some are 
like a violin and they have strings. Vibration means that 
something is moving (3). 
We did experiments us 1ng a tuning fork. It makes a 
pretty sound like mmm-mmm. 
You hear with your ears and yoll can hold up a shell 
and you can bear a windy sound. We made same musical 
instruments when we were studying pitch. 
We read some interesting books on sound, and did the 
experiments on vibration (2). Then we learned about the 
highness and lowness of notes: that is pitch (2). 
Sollnd travels more slowly than light, and you can hear 
the thunder after the lightning and that's the proof (3). 
If you tighten an elastic you get a higher pitch. You can 
also blow into bottles and the pitch depends upon the 
amount of water inside. 
Sound has pitch, and that means that notes are way up 
high or low. All sound has to have something moving and 
that is called vibration. 
In a tin can telephone the sound travels on the 
string very good (5). 
We learned tbat sound is caused by something vibrating 
and we did experiments like toQching our throats to see 
what moved in a case like that (5). We learned about pitch 
too. 
SCHOOL B 
Number ot Pupils: 9 Grade 4· 
After Instruction So and 
Sound is caused by vibration (3). A violin bow scrapes 
on the strings of a violin and the strings vibrate and make 
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a soand. The sound travels in the air to 7our ear. Sound 
can go through all kinds of things like wood and metals (3). It sound is verJ high and we can't hear it, it is 
called high treqaencJ, and the sound waves are close 
together. 
Sonnd travels ver,y slow and light is vel'J speed7 (4). 
You can tell when the lightning strikes and goes taster 
than the thunder. 
Some vibrations go slower and some taster. 
Some sounds have high and low pitch (2). And then 
there are sotlllds that are high frequency--that we can't 
hear at all. Onl7 a dog and some other animals can hear 
them. 
We learned about instraments like the violin and the 
clram and why the7 make soll!ld ( 4) • 
In a stringed instrument the a~rings vibrate. Now 
bells vibrate and they set the air in motion. 
SCHOOL C 
Number of Pupils: 9 Grade 4. 
After Instruction So and 
We did a lot ot experiments with sound. Like learn-
ing about instruments and how theJ work. Like a violin and 
how it goes high and low, and other instruments, too. 
Sound goes slow, I think about 1100 ft. in a second, and 
light goes much taster (3). 
We did experiments with a taning-tork, and we looked 
in tbe piano to see how tbe sound was made (3). We saw 
some good t1lm8 about vibration and sound (3). 
We learned how our voices c_cme throllgh the vocal 
chords (2). 
Sound is caaaed bJ vibration, and music is usually 
prett7 sound. In a born JOU have to blow air into it. 
Same instramenta have a reed to vibrate. 
Sound travela in all direction& and it's called a 
sound wave (2). Your voice can travel along the air waves. 
Air doesn1t carry sound very well (5). Metal or wood is 
better. You can do an exper~ent by.taking a piece of 
wood and someone scratches on ane end and someone else 
listens at the other end and tbat sound travels through 
the wood right up to our ear. You can do good sound 
experiments with rubber bands. Ve learned about bells 
when we were stud71Dg about soQDd and then tbout instru-
ments with strings like a violin and how they made differ-
ent music. 
You. hear sound with your ears and there's an ear dram 
inside aDd that makes you bear (2). It you. don't have one, 
or it is a bad one, you are deat. 
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We did experiments like stretching elastics to see 
which was high and low, tbat is pitch. We learned about 
sound waves, too. Some instram.ents you blow into them and 
the sound comes out, but others have to have a reed. 
SCHOOL A 
Namber ot Pupils: 16 Grade 5. 
After Instruction So and 
You hear sound and tbat•s vibration (5). It you hit a 
difference on the piano it can be either high or low and 
that is called different pitch. We tilled some bottles 
with water and played, "Mary bad a little lamb," I did it 
at home with more glasses. 
You. can hear a buzzing sound if you hold a shell or a 
cup to you.r ear. 
We did experiments with elastics and learned a lot 
abou.t sound (2). A tight elastic makes a higher pitch (4). 
Sound can be made in many different ways, like blowing 
or hitting; there are saae soands that are pretty, like 
music and saae sou.nds are really noise because they are too 
loud or the soand isn't exactly pretty. Loud songs I don't 
like very much (4). 
The first and .oat basic thing we learned is that 
sound is vibrating motion and i~ you plu·ck on let us say a 
violin string you will get a very high sound it the string 
is tight, and it the string is not tight you will get a 
lower tone; sound would always be with you unless you get 
o11t into a tog country or something where there is abso-
lutely no wind; there are lots and lots or ways that you 
can produce sound. Yo11 can blow a horn or pluck a violin 
string or close a door. There are so many ways, you are 
almost producing so11nd every moment or yo11r life. Sound 
you can make louder or sorter by certain ways with an 
amplifier, or it you use a megaphone. Same people at 
auctions use a megaphone te make their voices louder and 
samettmea they use a microphone which they can turn up or 
they can turn down according to how loud they want their 
voices when they talk to the crowd. A tape-recorder is 
quite an interesting thing, too. You speak and the sound 
goes onto that tape, I'm not quite sure how, bu.t somehow 
the sound goes onto that tape and when you play it back 
you hear the sound. Soand does qQite a few things. One 
very interesting way that nature provides sound is in a 
thu.nder ator.m when lightning splits the air. The air 
coming back again with such traaendoQs force makes a loud 
noise which is commonly known as thunder. It's not really 
cloads bumping together that makes it; it's tb.e ·air coming 
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back together after it's split. The wind blowing thro~gh 
telephone wires,-- you bear a whiatle. Sound is vibrating 
and also sound is different tJ.P8• ot vibration. It the 
sound is not vibrating evenly you don't get s~ch a pretty 
noise. It it's a steady sound such as a born or a bell it 
usually sounds fairly pretty; there are same not so pretty 
so~nding bells. Sound is produced in many different ways 
such as it you blow in a hor.o that bas a reed in it. The 
reed vibrates trom your breath (4), and most reeds make a 
definite sound, but in a bell the clapper bits the bell 
which produces that ringing noise you get from a bell; 
and it you strike a tuning tork aDd then p~t it down on the 
table the right way you get the noise. The tuning fork 
only gives a definite sound, too. 
When you tal¥ or yell from away ott the sound is 
taint, and you can't bear it as well. When you're up 
close you can hear better, like deaf people ••••• (4) Sound 
makes an echo it it strikes against something and can't go 
thro~h it (2). 
SCHOOL B 
Nwmber of Pupils:l3 GradeS 
After Instr~ction Sound 
Sound is a noise like it you drop something; and there 
are pretty noises like singing or the piano. 
There are same m~sical inatraments tbat you blow into 
and your breath makes something vibrate and that makes 
sound (2). Sound can go through air and water and things 
like that (2). 
You got to have vibration or there isn't any sound (S). 
People make:': sounds when they talk and sing, and that 'a· 
becauae their vocal chords vibrate (2). 
There are different kinds ot soands and they all have 
different pitches, Now to get a sound on a violin, yo~ 
have to use a violin bow; the bow makes the strings vibrate, 
but some strings are thicker than others and sound more (3). 
Sound really meana noise, but there is really good 
sound and bad sound. I think music wot.lld be good sound. 
Same instruments like the recorder make sound beca~se you 
blow into them (2). The vibration may be load or soft or 
high or low. Soand travels thro~~h air b~t it travels 
better through metal and water (2J. 
Pitch means when a note is ei~her high or low (4). 
When a sound wave is very high you call it high 
treq~ency and a dog can hear it bat we can't (2). We 
dragged a stick on the ground and listened to the vibration 
travel throagh the stick to our ears (3). 
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Sound goes slower than 11gtJ;t (2). 
You can blow into different things and get different 
sounds and it's the air inside tbat vibrates a certain way 
to make a special noise. 
Everybody hears sound differently, and some people 
can't hear ver,r well. That means tbat they can't get 
vibrations. 
When you stretch a string, like a violin string, it 
might get bigher as you tune it up, but it depend$ upon bow 
tight it !a and what it's made of •• like different kinds of 
wire (2). 
With deaf people, you bave to get up close to than 
when you talk, unless they have a hearing aid. That•s 
because if you are far away your voice sounds little •• dtm-
like (3). 
Sound can give an echo. The sound hits something like 
a rock or a smooth wall and the sound bounces off it (2). 
SCHOOL 0 
lfWilber ot Pupils: 11 . Grade 5. 
After Instruction Sound 
If you pull an elastic tight, it makes it sound high (3). 
Vibration, that's wbat makes sound (3). Sound travels 
in waves in all directions, but some sounds are even and same 
are uneven; some sounds are high ud some are low and that is 
called pitch. 
Sound is caused by something vibrating which means that 
something is moving,- like a tlas flies in the breeze and 
the tuning :f'ork when it moves (2). We tried the tuning fork 
with the piano and tried to get the same notes (3). Some 
piano strings are long and they are the lowest notes. 
We learned about musical instruments and how some of 
you have to blow into to get a sound and some like a violin 
have strings am you have to use a bow (3). Anyway, some-
thing has to vibrate like strings or the air in horns. 
A piano tuner uses a tuning fork; he gets one and 
strikes it to get tbe right pitch (7). You can make lots 
of instraments yourself with elastics and tin cans (4). 
We put the tuning :f'ork in water and saw the vibrations 
it made (4}. We learned aboa.t sound waves and how sound 
travels very slow (2}. 
Pitch means that notes are high or low (5). 
Sound is slow and in a stol'lll the lightning comes first 
and then the tbaDder {5). Some things carry sound waves 
better than others do, like air is not good and water is 
better C4). Same things make sound louder and you can get 
an echo sometimes if the sound bounces back to you (2). 
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SCHOOL A 
NUDJ.ber of P~pils: 21 Grade 6. 
After Instr~ction Sound 
Sound and light travel at different speeds, and sound 
goes o~t tn all directions, bQt light travels in straight 
lines (4). 
Vibrations ea~e sound aDd then there are different 
ones and pitch and echoes (7). EChoes are really a reflec-
tion of soand (2). When a tone ia higher that means that 
the air column is vibrating faster and tighter. There is a 
longer column of air. 
Vibration is vePJ important. Yo~ have to have something 
movtng or there is no so~d. Bow, sound can go around cor-
ners and light cannot {2}. 
In a fl~te or instrument played like that there is a 
column of air that is pushed inside and it is blown against 
the sides of the instrument. Then there is a mouthpiece 
and tba t helps control the sound coming o~t. .so~nd can go 
through solids! liq~ds and gases and it goes through gases 
the poorest (2J. 
So~d travels more slowly than light and yo~ have to 
have vibration or there is no sound (4)• We use o~ vocal 
chords to help ~~ speak and our tong~e helps too. or 
course yo~ nave to have air in your lungs. Once I put two 
radios in different parts of' the room and t~ned into the 
same program. I sat in the middle; it sounded good like a 
big opera hoase. 
There are high notes and low notes and that is called 
the dif'f'erence in pitch (3). Dogs can hear higher pitcbes 
than we can (4). 
As you tighten your vocal caords they get higper and 
higher. You can pa.t water into a jug and blow into it, or 
onto it and you get different aoands (3). 
Some SOWld is noise and some is pretty. And if it's 
pretty we call it mv.sical. Yoar vocal chords are very 
much like elastic bands; you can experbnent with putting 
water in glasses and the smaller the a.ount of air that•s 
left in tbe glass the lower the pitch. I own a recorder 
and you play that by blowing air into it and than making 
different columns of air by using your fingers. 
You can make telephones by using tin cans and string. 
Yo~ can talk over thea and the vibrati08S travel over the 
string very well and better tban it travels over the air. 
Vibration means a sort of qa.ivering or shaking. We did 
experiments with elastica to show that the tighter the 
elastic the higher the pitch and when it's loose the 
pitch is lower. 
When you tighten your vocal chords you talk higher or 
you can scream high. When they are relaxed you talk more 
low-down sort ot. Your ear drums vibrate when sound hits 
them and tb.at•s how you can bear, and the shape ot your ear 
helps to catch the sound waves. 
We made a mural which showed the sound waves and we 
made instruments to show that the tighter the string the 
higher the pitch (4). 
Sound travels in waves and they are quite long waves (2). 
I could tell you so many things about vibrations that 
it wouldn't be fanny; you see all soand is based on vibration. 
Different t hinge make sounds in different ways like we 
use our vocal chords to talk and crickets rub their legs 
together but tbere bas to be vibration. 
When we were studying sound we learned about how horns 
work and recorders and we did expertments with elastics to 
learn pit.ch (3). We read the. t so and is caused by vibra-
tions, and how sound travels by soWld waves very slow in 
all directions. 
Souod travels very slowly and light can go lots 
faster (6). 
Sound travels 1100 ft. per second (7). 
You can•t get any noise at all unless something moves. 
You call tbat vibration. When you blow on a recorder the 
air makes little or big spaces inside and you do this by 
blocking out with your fingers on some wind instruments 
there is a reed which vibrates. Our teacher is showing us 
all bow to play the recorder. You blow into it and differ-
ent amounts of air inside make the different sounds. 
Lightning come.s first and then the tblmder, which 
proves that light travels taster (3). Some music is lovely 
sound and same sound is just plain noise (4). 
When you tighten things, the pitch gets higher (3}. 
The bat is interesting. He makes squeaks so high that a 
person cannot hear him (5). 
SCHOOL B 
:lumber of Pupils: 11 Grade 6. 
After Instruction Soamd 
Sound travels slowly aDd you can tell because the 
thunder comes after the lightning (5). 
Sound travels slowly {6). 
You can bear when the souncl wave reaches your inner 
ear. We learned about sound beiag made by something moving 
like tbe molecules in a table if you strike it. The sound 
travels through the table and into the air and then it goes 
to your ears and you hear. 
Sound is noise and the molecules move and set up the 
air waves and tbat makes the sound. High notes are like 
when a violin string is stretched very tight and if it is 
loose then the sound is low. 
Some sounds are louder than others and some are higher 
and that is pitch. The piano has little hammers that make 
the noise and strings vibrate. Other instruments make 
noises by blowing into them or plllbking the strings. 
Optical illusions are interesting, too. 
Sound is caused by something vibrating ( 6). If the 
sound is way high up it is called super-sonic. 
Some sounds are made by plncking, some by blowing and 
some are made when you thump a drill. or blow into a horn (2). 
Sound travels about 1100 ft. per second (6). 
When a bell rings, the molecules in the bell set the 
sound waves in the air moving. 
We learned a lot about sound and the molecules and how 
slow sound is compared with light (2). 
Music is sound, only usually it is sort of pretty 
SOllD.d (2}. 
The sound waves go through saae things, like air and 
water but sometimes the.y bounce off and that is when you 
get an echo (2). 
SCHOOL C 
Number of Pupils: 17 Grade 6. 
After Instruction Sound 
Vibration makes sound (4). You blow into a horn and 
bear high and low sound and this depends upon how much air 
there is there. 
We uaed the tuning fork and it showed the vibration in 
the water (.3). We learned about our ears (2). 
We did some experiments with sound and we learned about 
high and low notes -- sound (4). 
A sound goes tilrough the air and then it goes to our 
ears. Like something moves and the sound goes in waves 
through the air. 
Your ear is shaped a certain way so that it catches 
the sound waves. 
If a note is high, that is called high pitch (2). 
Sound means that you got to have Yibration and some-
thing moves and makes the air waves and they strike your 
ear inside and then you bear. There is a high sound so 
only dogs can bear it and we can't hear it. You blow into 
a horn and then the horn makes a sound, but a recorder is 
not like that because you have to use your fingers on it too. 
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Well, you can blow into a can or a jug and it makes 
a whistling noise, it's like a vibration and you can hear it. 
When you play a violin the bow goes on the string and 
the strings vibrate (5). There are different sounds like a 
bird sings and an animal might growl and a horse kind of 
whistle like. Sound travels very slow. 
If you cover up your ears the air can•t get in and bring 
in the soand waves. You can feel the vocal chords in your 
throat when you talk--they vibrate (4). 
Sound is really noise and it travels in waves to your 
ears (2). 
When you blow into a flute, your breath is what makes 
it sound pretty. Some sounds are not even and they are 
noise but there are even sounds that are pretty like 
singing. 
Vibration makes sound and some sounds can be made 
softer it you use insulation in a house; that muffles the 
sound. All things make sound waves but they don 1 t travel 
so good in air. 
Dogs can hear higher than we do (3). 
When you blow into same instruments, there is a reed 
there and it moves when you blow and that•s why the sound 
is different tram the other horn that don't have a reed. 
We ba ve a tuning fork and we used it to show that 
sound is vibration (3). 
Now you have music when the sound is all even and it 
is pretty, but it is only noise when the sound is rough 
like (2). 
SCHOOL A 
Namber of Pupils: 11 Grade 4• 
Arter Instruction Light 
We learned about transparent, opaque and translucent 
(4). When a pane or glass is transparent it lets all the 
light go through and when something is translucent, you 
can't see into it but it lets some light go through it (2). 
An opaque object won't let any light go through and so 
that is what makes a shadow. A magnifying glass makes 
things bigger and you can do other things with it too. 
You can hold it up to the sun and put paper under it and a 
tire will start. I tried it but it didn't work: not 
enough sunlight. 
There are two kinds ot light, nataral and artificial, 
which is like electricity and things like that. The sun is 
real light. We learned about opaque things and shadows and 
about how light bounces off something; --we call it reflec-
tion and that•s like a mirror or something shiny. 
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The sun is one kind of light b~t electricity is man 
made (2). We had a prism and it made colors on the floor. 
Light going through water will do that too. 
Light has to travel in straight lines (2). 
Light bas many colors in it and they are very pretty. 
If yo~ have a prism and pUt it up to the light, the light 
rays are bent and makes rainbow colora. The pupil of yo~r 
eye gets bigger when it gets dark and yo~ let light in the 
camera the same way. 
You can put on a light in your house and that's 
electrteity (2). Sunlight is tbe most powerful light. 
Reflection is like a mirror and refraction means that light 
is bent and yo~ can see pretty colors (2). 
The sun he. s to shine or things von' t grow in the garden 
and then everyone wo~ld die incl~ding animals too, because 
there wo~ld be no food for anrbody. 
Light travels 186,000 miles per second which is much 
faster than sound (2}. 
Light travels faster than sound and the lightning 
comes first in a thunder storm which proves that point. 
The window is transparent and it something is transl~cent 
70~ can see into it, I think. When sun hits a glass, it 
bounces ott and that's reflection, like a mirror. 
SCHOOL B 
Number of Pupils: 9 Grade 4• 
After Instruction Light 
We learned a bout art1f1c.1al and na ta.ral light like 
electric light bulbs and then the light from the moon and 
the sun. Light can go tbrollgh some things and in a tele-
scope the lenses make things look bisger. It a thing looks 
bigger you sa7 that it is magni~ied (2). · Same lenses do 
that. Iow l mirror is a reflector. 
Light travels much faster tban sound; you can tell 
because the lightning flashes across tbe sky first (2). 
Yo~ can tell when the lightning strikes and it goes 
m~ch faster than the th~der. Sunlight really has a lot of 
colors 1n it but it takes a prima to bend it so 70~ can 
really see tbe colors. Some colors are bent more than 
others. 
Light b~lbs have a wire 1n them and that is what lights 
~p (2). Thomas Edison invented the light bulb. There is a 
vacuam inside the bulb. 
A caMera has a lens and that is different from the 
glass 1n the window. A mirror is a reflector (3). 
Some things are transl~cent and that means that some 
light can go through, but you can•t look into it. 
A prism bends light and that show the rainbow colors. 
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SCHOOL C 
NQmber of Pupils: Grade 4. 
After Instr~ction Light 
Light goes much faster than sound (9). I think it is 
186,000 ~les per second ($). We read about lightning and 
about different kinds of lights and mirrors and reflection (4). You can do experiments with a mirror. If light can•t 
go tbrougb you call it opaque (2). Yo~ can make good things 
with your hands like shadows on the wall. We did an experi-
ment on light like we put a penuy in a tin can aDd po~ed 
water in it until you co~d see the penny. We saw the inside 
of a light too. 
We learned about opaque things and the difference between 
transparent and translucent and how shadows come. Then we 
bad mirrors and did experiments. 
If something is opaque, then it's like a book or sane-
thing and the sun can't go through it and it makes a shadow. 
We saw what was in the light bulb and how wires touch and 
they make a burning. We read a lot abo~t electricity in 
o~ science books. 
A camera bas to have a light and if yo~ take pict~res 
inside, you have to have a flash bulb which makes light. 
If yo~ take pict~res o~tside, you use the s~n's rays instead. 
In a mirror you can see yourself and that is why you 
call it your reflection. 
Yo~ can make light with batteries and electricity. 
We read in a book about shadows and that when a bright 
light was shining and there was something in the path of 
it, all of a sudden the light couldn't shine thro~gh and so 
there was a shadow. Light can come from a battery, too, 
like in a flashlight. Things that explode like firecrackers 
can give light. We learned a new word, --opaque. Black 
paper is opaque, but a glass jar is transparent, and light 
can go through it like a window. 
You can se.e things like insects in a microscope like just their wings and it's pretty. It looks bigger than 
usual. That is magnify, and the glass is a lens. 
Some people can see better than others and if you 
can't see so good you wear glasses to help you see far off 
or near to you (2}. 
SCHOOL A 
Number of Pupils: 16 Grade S. 
After Instruction Light 
Light travels taster than sound and you hear the 
thunder after the lightning (2). 
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We bad a prism when we stlldied light and that made the 
light bend and show the lovely colors that are there all 
the time (3). 
Light is like the sun or it can also be artificial 
like electricity. Of collrse you have things like the moon 
and firelight that give off light but that is not as power-
ful. We used a prism.. You hold it up to the light and see 
that it gives off colora of tbe rainbow because light was 
bent. 
Light was interesting to study because we did experi-
ments and we learned about translucent and transparent and 
opaque (3). Opaqae is what makes shadows. Light cannot 
tur.n corners and whem it can't get through things it makes 
a shadow (2). 
In a sto~ the lightning comes first because it travels 
186,000 miles per second (2). Light is really two kinds: 
artificial. and natural like tbe sun and electricity. We 
have to have sunlight or things in the gardens wouldn't 
grow at all. We learned about retraction and how the light 
is bent and shows the true colora. Reflection.- that's 
shooting light back as it comes. 
We need the sun to make things grow and we get green 
leaves when the sun makes food (3). 
The microscope and the band lens are not plain glass, 
bat they are lenses. People have to wear glasses if they 
can't see good. and so the lenses in the glasses sometimes 
bring things nearer (2). 
It is the light that causes a rainbow. It's the tiny 
drops of water which are like a lens that for-m the color. 
After a storm the rainbow will come if the sun is shining 
through a little bit of tine rain. We did it with a prism 
and showed the colors. 
I read something interesting about light; some plants 
even in ponds way down deep in the water need light too and 
the sun shines into the water and they can make their food 
by sunlight evea if they are way down there. I learned 
what makes a rAinbow in the spray of a hose; the water is 
in a fine spray and the sunlight ralls on those little rain 
drops and they act like a prisa does. It's very pretty. 
Some things are shiny and light just bounces off them and 
tbs.t is reflection. 
There are two kinds of light. There's lwminous light. 
If a light is lWMinous. it is producing light of its own 
accord; the sun is luminous and the other kind is things 
that are reflecting light• such as the moon, which is 
reflecting the light of the sun down to the earth. We can 
see the moon. Those are the two main classifications but 
there are also a couple ot other kinds of light such as 
when light will do quita a few things when it is bent, or 
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refracted, such as it you bend it through a prism you will 
see, if you do it right, the colors of the rainbow will 
come through. That is quite something,- to see the light 
going into the prism and going out as the color~ of the 
rainbow. It is something; if a thing is translucent, it 
is only letting a certain amount of light through while it 
really isn't a light. A light bulb is translucent; it 
doesn't let all the light it bas out; if something is 
transparent it can be seen right through so it's letting 
all the light through if something is opaque it doesn't 
let any light through particularly if something is really 
completely opaque if it is just dark black. There are all 
kinds of colors but the main colors are the colors of the 
rainbow and the order of tbose are starting in order from 
one that is the least bent is, red, orange, yellow, green, 
blue and purple; they are the colors ot the rainbow; the 
two things that are not colors are white and black; white 
is reflecting all colors, since when it is bent it becomes 
the colors of the rainbov, and black is absorbing all of 
the colors; neither of them are colors; if something is 
opaque and a bright light is shining at it, and like on a 
bright day the tree is shining 1n the way of the sun you 
will see the tree's shadow and the length of the shadow 
depends upon how tar up or down the san is. It the sun is 
quite tar down, the shadow will be quite long, and if the 
sun is almost at noon-time, there will be a very small 
shadow. Light magnification is quite interesting too: 
there are quite a few ways to magnify it, such as a micro-
scope and a telescope and glasses which are all used tor 
specific uses; a microscope is aaually used to make small 
things look bigger such as it you look at a hair through a 
microscope it will seem quite a bit bigger; a telescope is 
usually used tor looking at the stars and the planets and 
so forth, and a hand lens is just used to make things that 
you have bigger, not just particularly bigger but to 
magnify them; eye-glasses are used tor seeing difficulties. 
Let's say you were near-sighted then you would have same 
glasses which magnify; that seems to make things bigger. 
Light is quite interesting. 
A prism is a little 3 sided piece of glass which bends 
the rays of light, but all colors are not bent the same 
length (2). 
SCHOOL B 
Number ot Pupils: 13 Grade .5. 
After Instruction Light 
There is a shadow ~t light can•t go through something. 
A camera needs light or you can•t get a good picture. They 
have light meters to tell you about it. 
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We stwiied about microscopes and telescopes and about 
their lenses (2). 
Light can be trom the sun or from e1ectricity (3). 
Electricity comes from a power house and the power comes 
from water. A light bulb can be transparent or translucent. 
Some ~eople need glasses to improve their vision (2). 
When it is light that means that the sun is out. 
Plants and animals and humans all need light. A mirror 
reflects light, and other things with a shiny surface do too. 
Some things are reflectors like you can see your face 
in a mirror; if there is something the matter with your eyes 
and you don't get a good reflection, then maybe you will 
have to wear glasses. Light bas different colors but we 
can't see them unless the light is refracted. By artt ficial 
light we usually mean electricity. 
Some light bl11bs give brighter light tban others--it 
depends upon how many watts there are. 
You use reflectors on autos and bicycles, and ·that's 
to keep :people ott and warn th• tba t we are riding 
ahead (3)• Light travels in a straight line and there is 
high frequency; a dog knows about high frequency and he 
will come if you will blow a high-frequency dog-whistle. 
Light does not go around cor.aer•; it goes only in one 
direction, and it travels at a speed ot 185,000 miles per 
second. Electricity is not natural light and there is a 
big power house tbat makes the light so we get it in the 
p1ugs (2). 
Light can be shiny like on a shiny glass or on the 
water and that is reflection. Natural light is from the 
sun and tbat 1 s the opposite ot 1ight in bulbs. Fireflies 
have little lights. 
Light can go through some things like glass and 
cellophane, and some g1ass is frosted and lets only a 
little light in it. Shadows came when the light can't go 
through (2). 
Light from tbe sun makes things grow, so that shows 
that all things need sunlight. Sunlight really has many 
colors in it and you can see the colors like a rainbow (3). 
The light goes through a drop ot water and makes the dif-
ferent colors show up. 
SCHOOL C 
Number ot Pupils: 11 Grade 5. 
After Instruction Lis:ht 
We learned about light and electricity and how light 
bulbs were invented by Edison. I tried out the experiments 
in the books like the one with the penny in the can and 
putting a stick in tba water to see it look bent. 
A mirror is a reflector and other things tbat are 
shiny reflect, too--like water and shiny metal (2). 
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We learned about old-fashioned kinds of light and then 
the kind we have today. Today we use electricity. Once we 
saw a film and it showed how shadows are made. You get a 
sb.&dow it light can't go through something. 
Light goes faster than sownd (4). I think it is 
186,000 miles per second. Lightning travels very fast in a 
storm. 
our teacher put her diamond ring in the sunlight and 
we saw the reflection it made: it sparkled. We learned 
about opaque and how shadows are.made, too (2). 
It people need glasses it means they don't see so good 
so they get glasses with special lenses. Telescopes got 
lenses, too. We 41d experiments on light, like the float-
ing hot-dog. You aee, one eye sees only one part and the 
other sees the other part, and you don't look at your 
fingers and you see your finger like a hot-dog. Then we 
put a pennJ 1n a jar and added va ter to see it we could 
get the penny to show. 
I used to do a lot of experiaent s at home, like 1t it 
was a sunny day I would flash a little mirror in the 
kitchen while I was waiting tor my breakfast: that was 
showing reflection. We read about light and about reflec-
tion and refraction and bright colors. There are lots of 
colors it you think about it. 
You need the sun for plants and flowers and you 
notice that they always grow towards the light. Sometimes 
water ia like a mirror (2). 
SCHOOL A 
Number of Papils: 21 Grade 6. 
After Instruction Lisht 
Light travels different from sound. It travels in 
straight lines and much raster than sound--about 186,000 
miles per second. Light can be artificial or natural like 
the sun (6). 
Light can't turn corners but sound can ( 2). Light 
can be retracted; tbat means bent, so that you can see all 
of the colors in the light (4)• A priam does that. The 
sun we need or everything will die. That is natural 
light (4 ). 
I made a periscope when we were studying reflection 
(2). The sun is natural light and we need it or everything 
including the plant world as well as man would die. 
The sun is natural light aDd it is 93,000,000 miles 
away (2). 
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Transparent means that light can go through things 
and the opposite is opaqlle, and light cannot get through 
and it can't tQrn corners and soll.Dd can (.3). In trans-
lllcent things, some light can get through bt1t you can't 
look through the things (2). Reflection means that light 
boll.Dces off shiny things and refraction means that light 
is bent. You can do experiments like putting a coin in a 
dish of water. 
Shadows are caused when light can't go through some-
thing (.3). . 
Light travels in a straight line. We read about light 
going through something and that's transparent, and trans-
lucent means that some light goes back and forth and in 
opaque things light can•t get through at all. The camera 
and the eye are made ver,y mt1ch alike; you see something and 
it really is upside down and your brain tells you it is 
right side up and the camera does this by something inside. 
We learned how light can reflect like a mirror, or 
some shiny object. Sll.D gives the best light. 
We put some water in a bowl and then we put a nickel 
in it and then we stood away and soon we could see it. 
When you have a shadow it means that something really 
blocked the rays--it was opaqt1e and the rays couldn't go 
through it. 
We did experiments with optical illusion like seeing 
different lines look shorter and a floating hot-dog. 
We have artificial light and then real light from the 
sun. Artificial light doesn't come from the sun; it is 
invented like electric bulbs. 
It takes 8 l/2 minlltes for the sun's light to reach 
the earth. You can see the smoke from the train whistle 
before you bear the whistle blow. 
A mirror reflects things and polished surfaces like 
silver spoons. I watched shadows at home because we had 
read about them in books; we did some experiments in 
school like putting a bowl filled with water on the table 
and then putting a coin in the water to see when it would 
reflect. 
All glass isn't a lens (2). I investigated a sunlamp 
at home and there are all kinds of brightness in light 
bulbs. 
Light travels very fast and it goes tram glowing 
objects in all directions. We studied about lenses and 
how they are used in instruments and in eyeglasses. I~ a 
reading glass, the glass is thicker in the middle. We 
saw some slide cameras and talked about cameras and how 
they worked. 
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SCHOOL B 
Number of Pupils: 11 Grade 6. 
After Instruction Light 
We learned about the speed of light which is 186,000 
miles per second. The light we see all the time has all 
sorts of colors in it and when you bend light, you can see 
these colors. There is also reflection when colors bounce 
back. 
Light can't turn corners and white light is really made 
up of many different colors; a prism shows that. Then 
there is reflection and other kinds ot artificial light. 
I always think of electricity. You have a dry cell or 
maybe a wire with electric currents in it and it light up a 
little wire inside of a bulb. Then there is also light 
from the sun and reflection on the moon {2). 
Light is artificial and natural and the artificial is 
really electricity (2). Then there is reflection, and 
refraction when light is bent. Transparent is when light 
can go right through like window glass. 
Light is artificial like electricity and you get it 
from electric current in your house (2). There's a big 
power house somewhere that sends it out to all the houses. 
Now, if you are talking about sunlight, that means that 
sometimes the light can go through the glass and that mllSt 
mean tbat the glass is transparent. If something blocks 
the light, then the sun or light can't get through and a 
shadow is for.med. 
Electricity provides light for people, and before 
tba t man had to depend upon the sun and moon. I guess. 
Some light can go through a window glass and nothing 
happens to it usually, but if it strikes an opaque object 
then there is usually a shadow. 
You have to have light to look through a telescope 
or microscope; there is a special kiDd or glass called a 
lens (2). 
Light really all comes from the sun and the electricity 
we get makes light too in our homes, but that comes from 
power houses and the power houea need the sun, too. 
Translucent :means that some light can get through but trans-
parent means that all the light can pass through (3}. 
Light oamaot turn corners. ArtitiQial light usually 
means elect~icit,.-. 
Some things are reflectors and that means that light 
bounces off of them. It you bave a bicycle with a 
reflector, sunlight or headlights strike the reflector 
and it shines ott. A mirror can act the same way. Sun-
light is made up ot many different colors (3). 
SCHOOL C 
Number of Pupils: 17 Grade 6. 
After Instruction Light 
Light is the sun and it can go tbroagh things like 
glass bat sometimes it goes ott the thing and that is 
reflection. We had a microscope alnd a telescope and they 
make things look bigger because they have a lens. 
We learned about reflection and refraction and how the 
telescope works (5). We bad a telescope in Peterboro and 
we went out one night to look at the stars. 
All glass lets light go through it but it really isn't 
the same--like some glass is made a special way and it helps 
you to see better, and that is called a lens. There are all 
kinds of lenses. If same light goes through but you can•t 
really see through something real good then it is translucent. 
And if light doesn't go through at all, it is opaque, and 
that is wben you get shadows. 
Some things reflect light it they are shiny and light 
has a lot of colors in it and they are ~eflected. That's 
not the right word. Anyway 1 the light is bent into differ-
ent wave lengths, and that is why you see different colors. 
We learned about reflection and how a mirror reflects 
light because it is shiny. 
In nature the sun gives light and then there is light-
ning, too (2). We get light from electric power. We 
learned about reflection and how there are colors in the 
light like rainbow colors. 
We have a prism and you hold it to the light and the 
colors show up. 
Some things are transparent and some things are trans-
lucent. Light travels fast. If you can't see so good then 
you wear a pair of glasses with special glass in them and 
they help you see better. Kirro•s and other shiny things 
reflect light. 
There is a reflecting mirror in a telescope. One 
night we studied astronomy and went out to see the stars 
and that was good. We learned about the sunspots and they 
think they might interfere with T. v. Lightning goes fast. 
It comes like a flash before the thnnder. Light is like 
you get a reflector on your bike and a car comes along in 
back and it shines (3). That's so they won't bamp you. 
The sun can shine through the glass in the window and you 
can see good. A lens in glasses is different and it helps 
you to see (2). 
We studied about the human eye and how we see things (2). 
Light goes faster than sound. It goes 186,000 miles 
per second. 
You can get a sunburn if you get in the sun at the 
beach too much (2). 
1. 
2. 
6. 
a. 
9. 
10. 
11. 
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